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Wonder of the Tides (pp. 7-9) 
General Science Topics: Gravity, tides 


Biology Topic: Animal reproduction 


(grunion ) 
Earth Science Topic: The tides 
Physics Topic: Waves 
About This Article 


“Appreciation, a function of under- 
standing, is often overlooked as an ob- 
jective of science teaching. Perhaps it 
is because appreciation is so intangible 
and so difficult to measure. Yet, as we 
all know from personal experience, 
science understandings enrich our lives 
by conditioning-us to life-long apprecia- 
tions. The understandings the article 
provides will continue to enrich the 
lives of pupils long after most of the 
facts it contains will have been forgot- 
ten. 

The author describes and explains 
the regularity of the tides and_ their 
many 
comes 


nuances. The ocean shore be- 
a cosmic phenomenon. Ocean 
waves become footprints of the wind. 
The strange fauna and flora that live 
between the tides become wards of the 
sun and of the moon, The article car- 
ries the reader to many places, some 
strange and exotic—Tahiti, Nantucket 
Island, the Gulf of Mexico, St. Michael's 
in Alaska and the Bay of Fundy in 
Nova Scotia, the Tsientang River in 
China, Dunnet Head on Portland Firth 
in Scotland, the north coast of Norway, 
and the sandy beaches of California. At 
each of these places the sea manifests 
another characteristic—all under the in- 
fluence of the gravitational pull of the 
sun and the moon. 
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Using Science World 
in Your Teaching 


Topics for Class Discussion 


ebb tide; (b) flood tide; (c) 
tide; (d) neap tide; (e) perigee spring 
tide: (f) bore. 

2. Describe the 
which each of the tides listed 


spring 


Ss 


1. Define each of the following: (a) 


under 
in the 


conditions 


topic above occurs. 
3. The following terms refer to move- 
ments of water—usually sea-water. De- 
fine (a) “sea”; (b) swell; (c) surf; 
(d) fetch; (e) tidal wave; (£) 


strom. 


muael- 


$, Explain each of the following: 

a. At the island of Tahiti, tides occur 
regularly at noon and at midnight. 

b. Tides 
Earth away trom the moon as well as 
Earth toward the 


occur on the side of the 
on the side of the 
mooh,. 

c. At various places on the Earth 
tides vary in height. 

d. The sun is of much greater mass 
than the moon, yet 
pull of the sun on the oceans is less 
than that of the moon. 

e. At the same place, tides are higher 


the gravitational 


at some times of the year than they are 
at other times of the vear. 

f. In most places there are two tides 
every 24 hours. 

g. In some places there is only one 
tide every 24 hours. 

h. Three factors determine the size 
of an ocean wave. 

i. The rhythm of the tides on the 
California coast affects the reproduction 
of the grunion. 

j. Tidal bores occur only in certain 
rivers O1 bays. 

k. Wave height does not always de- 
pend on strength of wind. 


Adaptation for Survival 
(pp. 10-12) 


General Science Topic: Adaptations to 
environment 

Biology Topics: Nutrition, respiration, 
circulation, excretion, ecology, evo- 
lution 


About This Article 


That plants and animals are adapted 
to their natural environments is a fun- 
damenial concept in biology, and there 
is no end to the variety and subtlety of 
these adaptations. Classically, adapta- 
tions studied in terms of 
structure. Thus a keen naturalist could, 
from the structure alone of a plant or 
animal, infer much about its natural en- 
vironment. However, this article 
on to treat the subject of adaptation on 
a more sophisticated level; it deals with 
physiological ecological adapta- 
tion, For example, it considers the sur- 
face and volume of an animal as func- 
and the relation of 
these heat water loss. 
The adaptations of the camel to desert 
life are treated from a physiological and 
ecological point of view. But the article 
becomes even more sophisticated as it 
goes on to describe experimental investi- 
gations into some of these physiological 
adaptations—investigations such as those 
of the Schmidt-Nielsens on the Sahara 
camel and the researches of P. T. Baker 
on the biological adaptation of man to 
hot deserts. 


have been 


goes 


and 


tions of its size, 


factors to and 


Reports to the Class 


Each of the following facts is sup- 
ported by actual studies or experiments, 
Describe the studies or experiments. 
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What Kind of Science Notebook 


By Dr. Morris Meister 


President, Bronx Community College, New York City 


ANY of the world’s greatest scien- 

tists, such as Sir Isaac Newton, 
Michael Faraday, and Enrico Fermi, 
kept notebooks. The notebooks are col- 
lections of brief but accurate statements 
of what the scientists did, what they 
vbserved, and what conclusions they 
drew. Some teachers urge students to 
model their notebooks upon the records 
kept by men ot science. They also en- 
courage students to illustrate their notes 
with drawings and diagrams, 

Other teachers advocate a “question- 
answer” notebook. For each demonstra- 
tion, experiment or exercise, a teacher 
offers three or four questions that pupils 
copy on the left-hand page of their 
notebooks. As a homework assignment, 
each student writes out the answers on 
the right-hand page of his notebook. 
Teachers can frame a question so that 
it calls forth any desired response, such 
statement, an explanation, or a 
diagram. This type of notebook work is 
simple and time-saving. It tends to 
emphasize essentials 
easily, but it lacks an element of in- 
terest and original accomplishment that 
other types of notebooks offer. 

In another type of notebook, popular 


usa 


and is scored 


with many teachers, the subject matter 
varies with the student. This type of 
notebook places a premium upon origi- 
nality and individuality. A notebook 
becomes a record of an investigation, of 
an excursion to a place ot scientific 
interest, or of an effort to solve a prob- 
lem. Early in the school term, every 
student chooses a problem for notebook 
development. These problems will vary, 
of course, with the course of study. 

Many teachers make use of the two 
types of notebooks described above, the 
first type being required and the second 
type optional. Students may keep all 
notes in one loose-leaf book or may de- 
velop the second type of notebook in a 
special Science Scrapbook. 

In the final analysis every 
must try various methods before mak- 
ing a decision concerning the kind of 
notebook to use, but a teacher should 
permit and encourage some degree ot 
originality and freedom in note record- 


teacher 


ing. A stereotyped notebook fails too 
often as an aid to logical or careful 
thinking. 


Reprinted by permission of the author 


from The Science Classroom. 





1. Many of the migratory animals in 
Alaska can withstand its low 
temperatures, 

2. The moose is anatomically adapted 
to survive in areas where there is deep 
show. 

3. The camel can work for extended 
periods of time on short water rations. 

4. Certain humans can better with- 


winter 


stand desert heat than can others. 
5. Wool animal 
against heat as well as cold, 


can protect an 


How Fast Is Light? (pp. 13-16) 


General Science Topics: The speed of 
light, measuring time 

Physics Topics: Measurement of the 
speed of light, vibrations of atoms 
and molecules 


About This Article 


The expression, “E equals MC?,” is 
becoming as familiar as the word “grav- 
ity,” and any proverbial schoolboy can 
tell you that the symbol C in the ex- 
pression the 
speed of light. But what is its magni- 
tude? And how “constant” is it really? 


stands for a constant 


The writer presents the history of the 
measurement of the speed of light from 
Galileo, who suspected the speed to be 
infinitely large, to Roemer and to Brad- 
ley, who in their star gazing found in- 
dubitable evidence that the speed was 
fir.ite, to Fizeau, Maxwell, and Michel- 
son, who by ever more ingenious meth- 
ods of measurement closer and 
closer to a constant value—186,282 
miles per second. The “moderns,” using 
brought 


came 


electronic methods, have now 
the experimental error from one part in 
10* (the Kerr cell), to one part in 105 
(the ammonia clock), to one part in 
10! (the cesium clock). 

The article begins and ends, how- 
ever, on a note. Experi- 
mental data gathered by a U. S. Coast 
and Geodetic Survey scientist yielded 
a theoretical figure for the speed of 
light that differed from the established 
speed by 18.2 kilometers per second. 
Moreover, the averages of several meas- 
urements 1950 differ by 
15.3 kilometers per second. Could it be 
that “C” 
it is? Who knows? This is what makes 
the life of a physicist interesting. 


mysterious 


made since 


is not as constant as we think 


Teaching Suggestions 


Here is an opportunity to point up 
the the scientific 
enterprise and its continuity from gen- 
eration to generation. The preoccupa- 
tion with the speed of light, beginning 
with Galileo in the seventeenth century, 
was taken up by the Danish astronomer 
Ole Roemer, and the English astrono- 
mer James Bradley. A century later two 
Frenchmen, Hyppolyte-Louis Fizeau 
and Leon Foucault, picked up the torch, 
In 1865 the Scotsman James Clark Max- 
well applied newer knowledge of elec- 
tricity to the problem, and in the twen- 
tieth century, the American Albert 
Michelson sent his beam of light from 
Mt. Wilson to Mt. San Antonio across 
the San Gabriel Valley in California. In 
our own time, physicists all over the 
world, “standing on the shoulders” of 
their predecessors, continue to seek that 
deeper understanding of the universe 
that light can reveal. 

You might well this article to 
illustrate yet another point; namely, 
that nothing in science is so fully estab- 
lished that it may not be questioned— 
not even the speed of light. 


internationalism — of 


use 


Topics for Reports and Discussion 


1. The investigations of Galileo. 
2. Discoveries made by Ole Roemer. 
3. Observations of James Bradley. 
4. The experiments of Fizeau and 
Foucault. 
5. The experiments of Michelson. 
6. The Kerr Cell. 
7. Atomic Clocks. 


Tomorrow’s Scientists 
(pp. 31-34) 


Vance Strausburg—Gene Mutation 


It is a point well worth making to a 
class studying genetics that the evolu- 
tion of a scientific idea is often marked 
by a series of contradictions. For ex- 
ample, Gregor Mendel’s “factors” of 
heredity was an extremely abstract idea. 
When Thomas Hunt Morgan and _ his 
students failed to obtain expected di- 
hybrid ratios, “factors” became linearly 
arranged portions of chromosomes. 
When mutations were observed without 
evidence of crossing over, the gene be- 
came a distinct chemical entity. Thus it 
is the unexpected in experimentation 
that is often the most fruitful kind of 
discovery. 

The feature of Vance’s project is pre- 
cisely this: that he was alert to the un- 
usual in his results, and he was curious 
and industrious enough to follow up. 

There is also in Vance’s project a 
pedagogical lesson for us as_ science 
teachers. We that the mere 
repetition of an experiment by a pupil 


can see 
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can be educationally fruitful. Vance’s 
report would make good supplementary 
reading for biology classes. 


Diana Woodington—Seismology 

It might be pointed out that Diana 
regards her present project merely as a 
starting point, and intends to proceed 
to more sophisticated and refined ver- 
sions of the seismograph. —Z. S. 


Pigeons, Ping Pong, and 
Psychology (p. 30) 

General Science Topics: Nervous sys- 
tem, behavior 

Biology Topics: Reflex acts, conditioned 
reflexes, learning behavior 


About This Article 

To paraphrase Dr. E. L. Thorndike, 
since behavior exists, it exists in some 
quantity and is capable of being meas- 
ured. Dr. Skinner’s box permits measure- 
ment by the simple method of counting 
the frequency of response, With a com- 
mon unit—frequency of response—vari- 
ous types of behavior can be examined 
in the same frame of reference. Whether 
or not concepts drawn from this care- 
fully replicated series of experiments 
constitute a general law of behavior is 
open to question. 

The article deals with experimental 
animal psychology and gives a clear and 
uncluttered account of some important 
contributions to techniques useful in 
that field. It describes Dr. Skinner’s 
work with conditioned responses and 
gives one instance of experimental study 
of learning by human beings. 


Teaching Suggestions 

One way in which this article will be 
useful as an aid or supplement to a unit 
on behavior is to use it as the starting 
point for library research or project 
work. Students may be intrigued with 
Skinner box experiments or other ways 
of conditioning rats, mice, or fish. Pets 
may be trained, and in rural areas an 
ambitious student may be encouraged 
to attempt altering the peck order in a 
flock of hens by conditioning. 

Students are prone to impute human 
motives to animals and to explain animal 
behavior in terms of human-like expec- 
tations. The article makes it clear that 
it is not necessary to humanize animals 
to account for their behavior. This arti- 
cle may well afford the teacher with a 
mature class an opportunity to introduce 
anthropomorphism and point out how 
often we all fall into the anthropomor- 
phic trap. 

Finally, students should clearly un- 
derstand the logical dangers of extra- 
polating from animal experiments to 
human behavior. Note that Dr. Skinner 
enters his own caveat. —W. D. 
MARCH 
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Countdown, Coast to Coast 
(pp. 17-24) 


The desire to be counted and the fear 
of being left out—these express two of 
the powerful psychological forces that 
bind man _ to into social groups 
from families to nations. It may, in fact, 
be stated that when a number of in- 
dividuals become sufficiently interested 
in each other to say, “How many are 
we?” it is a sure sign that they have be- 
come amalgamated into a social group. 

Thus in all societies, from ancient 
times to the present, census taking was 
regarded as a necessary and _ serious 
business. It still is. And in a society as 
complex as ours, census taking becomes 
not only a formidable task but a neces- 
sary one. How tormidable and how 
necessary it is in the United States is 
described in Remington Rand’s beauti- 
fully illustrated booklet, “Countdown, 
Coast to Coast,” bound into this issue 
as a special insert. The booklet could 
not be more timely. 

From FOSDIC to UNIVAC 

The booklet describes in detail the 
social machinery through which each 
of us is being processed to become a 
“statistic,” how some 180,000,000 of us, 
as statistics, will be translated into elec- 
tronic information fed into computers, 
how these computers will convert us 
into tables that answer thousands of 
questions vital to government, 
merce, industry, science, and education. 

Students will be specially interested 
in how the census is tabulated. When 
each census taker has completed his 
interviews, he will send his large (15 
by 17% inch) work sheets to Jefferson- 
ville, Ind. There technicians will pho- 
tograph each sheet as it comes in. It 
will be condensed to a tiny bit of micro- 
film no larger than a thumbnail. Al- 
together, the cameras will expose more 
than 950 miles of film in this way. 

After the film is developed, it will 
be sped to the Census Bureau's main 
office in Suitland, Md. There electronic 
brains built by Remington Rand_ will 
take over the complex job. 

First the rolls of microfilm will be fed 
into FOSDIC (Film Optical Sensing 
Device for Input to Computers). “Fear- 
less FOSDIC” will “read” the micro- 
film, and translate the reports into a 
series of dashes on magnetic tape. 

Next the magnetized tapes are fed 
into UNIVAC (Universal Automatic 
Computer), another electronic “brain.” 
UNIVAC can add, subtract, divide, and 
multiply at speeds up to 5,000 calcula- 
tions per second. As UNIVAC totals up 


man 


com- 


the statistics—and sorts them into vari- 
ous Classifications—it records its results 
on a second magnetic tape. ; 

This magnetic tape is then fed into 
a high-speed printer. It spews out sta 
tistics at the rate of 600 lines pei 
minute. How long does this whole pro- 
cess take? For a city of about 90,000 
people—from FOSDIC to high-speed 
printer—about two hours. 

Students in science and mathematics 
classes will be especially interested in 
the description of FOSDIC, given in 
a section of the booklet entitled, “Com- 
puter Secrets.” The booklet concludes 
with a section on career opportunities 
for young people trained to operate such 
machines. 

“Countdown” offers material for mo- 
tivation, enrichment, and “application 
of principles” in the teaching of a 
variety of topics in biology (population 
growth, the nervous system), general 
science and physics (circuitry, electron- 
ics), and mathematics (number theory, 
binary systems). 

All students will be interested to 
know that the Census Bureau also con 
ducts other, special censuses. In years 
ending 2 and 7 (1942, 1947, 1952 
etc.), the Bureau takes a census ol 
governments (state and local govern- 
ments employ some 6,000,000 people 
and spend $50,000,000,000 every year). 
For years ending in 3 and 8 there is a 
census of business, manufacturing, and 
the mineral industries. And every five 
vears there is a census of agriculture. 

The 160,000 census takers will be 
tactful, but Congress has provided a 
$100 fine or a 60-day jail sentence—or 
both—for refusal to answer. 

Students should be made to realize 
that it is good citizenship to cooperate 
with the census takers, for we will all 
benefit from the information gained. 
Answering questions for the census 
taker—courteously and accurately—is a 
civic duty. Students can encourage their 
families to cooperate fully. 


Topics for Discussion 

List ten items of information which 
will be gathered in the census. 

2. Discuss ways in which census in- 
formation can be useful to (a) the gov- 
ernment; (b) business. 

3. How does the Census Bureau seek 
to match census taker to district? 

4. If you were a toy manufacturer, 
how might the census results interest 
you? If you were a manufacturer of air- 
plane parts? Electronic equipment? 


Advertisement 














An exclusive interview with Sister Mary Lauretta, 


who has guided six Science Talent Search finalists in a row 


Six Talent Search Winners... 


No Search for Teacher ‘Talent 


*PYOR the sixth year in a row, Co- 

lumbus High School in the small 
town of Marshfield, Wisconsin, has pro- 
duced a national winner in the Science 
Talent Search. This year’s winner, Vir- 
ginia Perner, and the five previous win- 
ners have all been Sister 
Mary Lauretta, the science 
teacher.” 

Columbus High School has a student 
body of 520 and offers college prepara- 
tory, business, and general courses. The 
three very 


students of 
school’s 


school has 
laboratories. 

Science know, of course, 
that Sister Mary Lauretta’s winners are 
not due to serendipity alone. A clue to 
the six Marshfield winners is contained 
in Sister Mary Lauretta’s reply to the 
question, “What does science mean to 
you as a religious person?” asked her by 
Science World. 

The answer: “It is part of my work. 
My life is dedicated to the teaching of 
youth, and science is one of the avenues 
through which this service is rendered.” 

This year, along with Virginia Per- 
ner, whose project reported the fossil 
pollen analysis of peat in five northern 


large science 


teachers 


counties of Wisconsin, 39 other high 
school boys and girls were in Washing- 
ton March 3-7 for the selection of the 
Westinghouse Scholarship and Awards 
winners. A total of $34,250 was awarded 
to the final winners of the 19th Annual 
Science Talent Search. 

Conducted by Science Service through 
its Science Clubs of America, the 
Science Talent Search is the oldest pro- 
grim of its type. Since 1942 the Search 
has been encouraging youths of high 
school age to follow careers in science. 
Financing and awards are provided by 
the Westinghouse Educational Founda- 
tion supported by the Westinghouse 
Electric Corporation. 

Since 1942, a total of 720 top win- 
ners from all over the nation have come 
to the Science Talent Institute in Wash- 
ington to receive more than $244,000 
in scholarship awards. 

Even more important, it is estimated 
that the 5,527 students in the winners 
and honors groups who did not com- 
pete for the top awards have received 
more than $5,000,000 in scholarships 
and direct aid from other sources, as a 
direct result of recognition won by par- 


Sister Mary Lauretta with Jane Karan, a Science Talent Search finalist of 1959. 


ticipating in the Search. Without this 
aid many of them would not have gone 
to college. 

Besides giving aid and encourage- 
nent to students, the Search has helped 
to bring increased respect for scholastic 
achievement. In addition, the program 
has been an effective instrument tor 
arousing the latent abilities of brilliant 
students and the enthusiasm of their 
teachers. 

The benefits to science teaching at 
Columbus High School are evident in 
Sister Mary Lauretta’s responses to 
Science World’s questions. 

Question: How do you spot a poten- 
tial winner of the Science Talent 
Search? 

Answer: I never had any assurance 
that a student whom I started out in 
would be a winner in the 
Science Talent Search. However, the 
pattern of procedure for all student re- 


research 


search was the same as for those who 
were fortunate in placing among the 
winners. 

Kirst the topic was suggested either 
by the student or by myself—next fol- 
lowed intensive reading. In other words, 
the student became acquainted with his 
topic. Then his work was initiated. My 
selection of these students was from the 
first three to five per cent of the class 
—those who received an “A” grade in 
science. Nearly all of them also made 
“A” in their other subjects as well. 

Q.: Do you “spot” a potential win- 
ner early? 

A.: Of the six winners, two were 
“spotted” in the freshman year, through 
observations made by other teachers. 
The other four were selected in the 
junior or senior year: one in the senior 
year, the others in the junior year. I 
take only the dependable, steady worker, 
He may not have the highest I.Q. in his 
class, but he never disappoints. He 
always follows through to the end. 

Q.: What do you do to encourage the 
potential Science Talent Search win- 
ner? Do you give any special assign 

(Continued on page 6-T) 
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This 
is the 


COMET... 


The Comet . . . the smaller-size car that accents fine car styling 
newest and luxury, yet is priced squarely with other American compacts. 
The smaller-size car for those who demand only the finest quality 

mem ber in everything they possess. 
On the outside, Comet is two feet shorter than conventional 
of the cars—designed to win praise in the busiest traffic and every time 
you park. Its 114-inch wheelbase is just right in relation to over-all 
° length, affording a secure, solid feel on the roughest of roads. 
Ford Family On the inside, Comet keeps its low price a beautiful secret— 
with interiors that are de luxe in every detail. Six full-size pas- 


of Fine Cars sengers share roominess that’s a practical match for even the 


biggest of cars. And there is over 26 cubic feet of luggage space. 



















Comet is a truly thrifty performer. Its front-mounted Thrift- 
Power 6 yields up to 25 miles to the gallon. A rugged performer, 
too... for Comet’s body and frame are Unitized, welded all-of-a- 
piece to end rattles and squeaks. 

Options include Fashion Group trim with wall-to-wall carpet- It will 
ing, and Comet Drive automatic transmission. ae. 

0 

The new Comet by Lincoln-Mercury is available in a choice of 
four models—either 2-door or 4-door station wagons and sedans. 
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THE FORD FAMILY OF FINE CARS 


ARC] 
Ford * Falcon * Thunderbird * Comet * Mercury * Lincoln * Lincoln Continental 









This “windmill” or turbine, spun by hot gas, powers the turbocar. For such a hot 
spot, designers depend on Nickel to help them solve heat-resistance problems. 


How Inco Nickel is helping develop 


_ the new gas turbine car of tomorrow 


It will be power-packed: the gas turbine 
engine in your dream car of the future 
and tomorrow’s trucks and buses. 
Only one spark plug— 
runs on kerosene 
This new engine is much lighter, smaller. 
Ithas far fewer parts. No pistons. No water 
system. Only one spark plug. Runs on 
lower-grade fuels. 
Not yet in production! 

Before the car is a showroom reality, engi- 
neers face a number of problems. 
One problem—the one Inco is helping with 
-is metals. Strong and economical metals 
‘o resist heat and corrosion. 

as turbines operate at up to 1600°F. These 
‘mperatures step up corrosion of metals, 
Promote troublesome distortions. So the 
bob is to develop practical alloys able to 
arry the load—alloys that can, at the same 
me, offset the corrosives, resist the distort- 

¢ forces found at jet-high temperatures. 

How far has Inco research gone 

in its search for practical alloys? 
Vifficult as they are, the problems of metal 
erlormance at high temperature are a 
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familiar story at Inco. Inco research has 
dealt with them for years. And come up 
with solutions in the gas turbine and in 
many other fields. In conventional, atomic, 
and thermionic power. In petrochemistry. 
In heat treating. In jet aviation. In mis- 
silry. Even in Hollywood’s 8000°F carbon- 
are “suns.” 


“~~ COMBUSTION 


AIR INTAKE 


Inco’s files contain a wealth of metal infor- 
mation .. . over 300,000 indexed and cross- 
referenced case histories, for example. 
Keep this in mind against the day you 


may need information. ©1960, Ince 


The International Nickel Company, Inc. 


New York 5, N. Y. 


\AW 


DRIVE SHAFT 


, International Nickel 


The International Nickel Company, Inc., is the U. S. affiliate of The International Nickel Company 
of Canada, Limited. Producer of Inco Nickel, Copper, Cobalt, Iron Ore, Tellurium, Selenium, Sulfur 
and Platinum, Palladium and Other Precious Metals. 





HAPPENS BEFORE ENLISTMEN 


YOU CHOOSE AS A GRADUATE SPECIALIST. And you choose before you enlist! Here’s a specia) 
Army educational program for high school graduates only. If you pass the qualification exams, you 
choose the schooling you want before enlistment. And in many technical fields, Army schooling 
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Tale About Tails 
Dear Editor: 
What is the function of a dog’s tail? 
Ronnie Hill 
Pocalla Springs 
Sumter, South Carolina 


Answer: Watch a dog running or 
leaping. You will notice the tail turn 
up, down or sideways in response to 
the body motions. Compare the actions 
of a bobtailed dog with those of a dog 
having a long tail. The bobtailed dog 
runs well, but its body and leg muscles 
also have to be used for balance. Thus 
its action tends to be more rigid and 
less graceful than that of the long- 
tailed dog. This suggests that a dog’s 
tail is involved in maintaining balance. 

A sled dog of the North shows still 
another use for its tail. The sled dog 
sleeps outdoors, sometimes buried 
beneath two or three feet of snow. 
Although it is covered with snow, it 
does not suffocate. The dog’s bushy 
tail, which is always wrapped over its 
muzzle while it sleeps, creates an air 
space around its nose. 

Sometimes a dog will show signs of 
emotion with its tail. For example, 
when a dog recognizes the threat of 
punishment in a scolding voice, its tail 
drops quickly between its hind legs. 
When the dog is petted the tail rises 
and wags. 


Absolute Zero 
Dear Editor: 

How was absolute zero determined? 
How close have scientists 
reaching this temperature? 

Laurence R. Plumb 
Kenmore, New York 


come to 


Answer: Absolute zero, —273.16 de- 
grees C., was determined by the physi- 
cist Sir William Thomson. Thomson is 
probably better known as Lord Kelvin. 
Degrees of absolute temperature are 
called degrees Kelvin in his honor. 

Lord Kelvin took a fixed volume of 
gas at 0 degrees C. and measured the 
pressure exerted by the gas. Next he 
lowered the temperature by one de- 
gree; the pressure exerted by the gas 
decreased by 1/273. When he lowered 
the temperature two degrees, he dim- 
inished the gas pressure by 2/273. If 
it were possible to lower the tempera- 
ture to 273 degrees below 0 degrees C., 
the pressure exerted by the gas would 
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diminish by 273/273 and the value 
would be zero. The temperature 
—273.16 degrees C. is absolute zero, 
and is defined as the temperature at 
which molecular motion stops. How- 
ever, this law applies only for gases 
and all gases liquefy before reaching 0° 
Absolute. 

The lowest temperature yet recorded 
in a laboratory is within twenty mil- 
lionths of a degree above absolute zero. 
This value was reached about two years 
ago. 

For more information about low tem- 
peratures see “The Cold World of 
Cryogenics,” in the November 4 issue 
of Science World. 


Bees in a Box 
Dear Editor: 


Recently the following question was 
put to me: Suppose a truck driver drove 
a truck weighing 2,000 pounds. On the 
truck was a box containing bee hives 
with bees, weighing 1,000 pounds. The 
truck was overloaded, so the driver 
struck the box, making the bees fly 
about inside their hives. Did this de- 
crease the weight on the truck? I an- 
swered no since the same amount of 
mass was being carried by the truck. 

Sister M. Theola 
Kuemper High School 
Carroll, Iowa 


Answer: Your answer was correct, 
of course. The box containing the bee 
hives weighs just as much whether the 
bees are standing still or flying about. 
When the bees are flying, their weight 
is supported by the pressure of a mov- 


ing air stream created by their beating 
wings. This air stream also pushes 
against the bottom of the hive, trans- 
mitting the weight of the bees to the 
hive, and to the truck. 


Continental Drift 
Dear Editor: 

I have often wondered whether 
Africa and South America were once 
one continent. Looking at the map, the 
east coast of South America and the 
west coast of Africa look like two inter- 
locking pieces of a jigsaw puzzle. 

Jerrold Grochow 
Jersey City, N. J. 


Answer: Geologists do not know 
what the newborn earth looked like, 
or whether the continents and ocean 
basins were shaped and distributed as 
they are today. However, the curiosity 
of scientists has been captured by the 
neatness with which the continents can 
be made to join together. Out of this 
curiosity has come a theory of conti- 
nental drift. 

According to the continental drift 
theory, the earth originally had only 
one large continent, called a_ proto- 
continent. This proto-continent even- 
tually broke into smaller parts, each 
part drifting on thermal currents in the 
earth’s core to some position on the 
earth’s surface. This would account for 
the fact that parts of different conti- 
nents seem to fit together like pieces 
of a jigsaw puzzle. However, the con- 
tinental drift theory is only one of 
several which attempt to account for 
the origin of the continents. 
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Biography of the Earth, by George Gamow 


Newborn earth, says one theory, had one continent, which broke into smaller parts. 
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FALLING AT THE BECK OF SUN AND MOON, THE TIDES ARE EVER CHANGING, BUILDING 


AND DESTROYING . . . AND BRINGING LIFE TO BILLIONS OF CREATURES 


HE WONDER OF) 





New Brunswick Travel Bureau photo 


THE TIDES 


By ELIOT TOZER 


HEN he was a cadet aboard a 

troop transport bound for the 
Far East during World War II, 
Thomas D. Nicholson, now an astron- 
omer for the American Museum- 
Hayden Planetarium, made a star- 
ting discovery when the ship lay 
over in Tahiti. He found that the 
tides at Tahiti rose and fell at exactly 
the same time every day, always 
flooding at noon and midnight, and 
ebbing at six in the morning and 
evening. Native legend said that you 
could tell the time of day by watch- 
ing them. 

Now, everyone knows that high 
tide “normally” comes at a different 
time each day—approximately 50 
minutes later on each succeeding 
day. This is because it takes 24 hours 
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and 50 minutes before any one point 
on the Earth is directly in line with 
the moon again. This is because the 
moon travels in its orbit as the Earth 
rotates. And—as everyone knows— 
the gravitational attraction of the 
moon causes the tides. 

But the tides at Tahiti are not gov- 
erned by the moon at all. They are 
solar tides, and thus ebb and flood as 
regularly as the Earth rotates on its 
axis. 

Tidal motion is, of course, the ebb 
and flow of any “plastic” substance. 
The Earth, the “solid” Earth on 
which you stand at this very moment, 
Photo Above 
Wave rushing upstream is tidal bore at 
Moncton, New Brunswick. Bores occur 
where tide, held back by narrow river 
mouth, builds up force to break through 
with rush. Wave may travel many miles. 


bulges toward the moon. This can be 
as much as a good nine inches when 
the moon is new or at the full. This 
month scientists reported difficulty 
in accurately aligning the mile-long 
atom smasher at Geneva, Switzer- 
land, because of slight shifts in the 
Earth caused by the tides. 

But the effects of these cosmic 
forces upon the ocean are much 
modified by local topography: by the 
shape of the ocean’s basins, and the 
shape of the bays and estuaries into 
which tidewater flows. Nova Scotia’s 
Bay of Fundy, for example, is so 
tuned to the rise and fall of the 
tides in the Gulf of Maine that the 
water rushes into it at great speed, 
rising as much as 50 feet. On the 
other hand, at Nantucket Island, 
Mass.—also in the Gulf of Maine— 
the water rises but one foot. 











But let’s return to fundamental 
forces, the attraction of objects one 
for another. Ocean water, free to 
How, bulges toward the moon as it 
passes overhead. At the same time, 
another bulge forms on the opposite 
side of the Earth because the Earth, 
also reacting to the moon’s attrac- 
tion, is pulled away from beneath 
the water on that side. 

Now, if the moon stood still and 
the Earth continued its daily rota- 
tion, each place on the surface of the 
arth would pass through these in- 
duced bulges once every 24 hours. 
But the bulges are carried forward 
by the revolution of the moon so the 
average time is 24 hours, 50 minutes, 
between two opposite high tides. 


Sun, Moon, and Tides 


The sun also causes the ocean to 
bulge outward on both sides of the 
Earth, but to a lesser degree, for ac- 
cording to Newton's law, the gravi- 
tational force between two bodies 
varies directly as the product of their 
masses and inversely as the square 
of the distance between them. So the 
sun, although it has 27,000,000 times 
more mass than the moon, affects our 
tides much less because it is about 
370 times farther away. 

So there are two kinds of tides, 
lunar and solar. Most of the time 
they work more or less against each 
other, but twice each month—when 
the moon and sun are in a straight 
line and on the same side of the 
Earth—they work together and the 
tides rise to great heights. We call 
such tides “spring” tides (from Anglo 
Saxon springan, meaning to rise). 
When the sun and the moon work 
directly against each other, tides run 
low. We call these “neap” tides 
(meaning “nipped” or “scanty” ). 

Now, the moon revolves in an ellip- 
tical orbit, and when it is at its peri- 
“gee, it is 30,000 miles closer to Earth 
than when it is farthest away, at its 
apogee. At such times, again in keep- 
ing with Newton’s law, tides run as 
much as 20 per cent higher than 
usual. On those occasions when a 
perigee tide coincides with a spring 
tide, high water may run 40 per cent 
higher than usual, and if driven by 
onshore winds, may cause heavy 
flood damage in coastal towns. The 
next perigee spring tide has been 
predicted for July 8, 1960. 

But we still haven’t explained 




























Tahiti’s puzzling solar tide. Why 
doesn’t the moon influence the rise 
and fall on this little island? In the 
late 1800’s, Dr. R. A. Harris of the 
U. S. Coast & Geodetic Survey came 
up with a fascinating solution that 
has been refined and is now gener- 
ally accepted. He divided the oceans 
into “oscillating systems” and sug- 
gested that the water in each rises 
and falls like a see-saw. When the 
water is high at one end of the sys- 
tem, it is low at the other. (The sys- 
tems are powered by the gravita- 
tional pull of the moon.) What's 
more, he said, just as there is little 
up or down motion near the center 
of a see-saw, there is little motion at 
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“Spring” tides occur at new moon when 
sun and moon pull together. Water is 
piled up on near side and Earth is pulled 
from water on far side. High tides result. 


- 
ort, 


EARTHS, 


SUN 





/ 
U 
! 

i 

1 

\ 
\ 


i at 
~ ¢ 


- 
Science World graphics 
Lower tides—‘’neap tides’’—occur when 
sun and moon are pulling at right angles 


to each other. Moon’s gravitation pull is 
partially balanced by sun’s angular pull. 


the “node” or center of each oscillat- 
ing system in the oceans. 
Unfortunately, Dr. Harris left out 
the gyroscopic effects of the Earth’s 
rotation. This held up a promising ad- 
vance in tidal theory, for it had been 
observed that tides often travel in 
opposite directions along opposite 
shores. Theories now have been con- 
structed to show that this move- 
ment, centering on a “no-tide” point, 
is generally in a counter-clockwise 
direction in the northern hemisphere 
and a clockwise direction in the 





southern hemisphere. These “no- 
tide” points, well defined for narrow 
seas such as the North Sea, are still 
only postulates for the oceans. 

And so, the waters of Tahiti, at the 
node in one of the Pacific’s systems, 
are barely influenced by the moon 
and may thus react to the weaker 
pull of the sun. They seem to do just 
this, reaching flood at noon and mid- 
night. 

But why is there only one high 
tide in certain places—the Gulf of 
Mexico, for example, and at St 
Michael, Alaska? To find the answer, 
we must recall that the tides are 
affected by several forces—the pull 
of the moon, the pull of the sun, fric- 
tion and resonance, and the rise and 
fall of oscillating systems—sometimes 
working at cross-purposes. The re- 
sultant tide is in turn modified by 
the shape and depth of the bay or 
gulf into which it rolls. 

A similar combination of forces 
and circumstances produces the phe- 
nomenon known as the “bore.” If 
there is a considerable range of tide 
up a river, a descending slope in the 
river bed, and decrease in width of 
the river, the tide is held back until 
it gathers itself together and rushes 
through all at once. A single wave 
may form that can travel upstream 
for scores of miles. On the Tsientang 
River, which empties into the China 
Sea, the bore advances upstream in 
a wave ILI feet high. It speeds along 
at 15 knots, its front a “sloping cas 
cade of bubbling foam, falling for 
ward and pounding on itself and o1 
the river.” At the time of the spring 
tide, the bore’s crest is said to risé 
25 feet above the surface of the river 


Three Kinds of Waves 


People once thought that the wave 
that crash against the rocky coast 0 
Maine are born of the tide. But the: 
are not. There are three kinds @ 
waves. When the wave first forms 
we call it a “sea.” When it has ad 
vanced out of the storm area and i 
traveling across calm water under it 
own momentum, we call it a “swell. 
And when it reaches land and break 
it is called “surf.” 

Wave size depends on the veloc 
of the wind, and the duration a 
length of “fetch,” or distance ové 
which the wind blows in building 
a sea. For example, a 37-mile-an-hot 
gale blowing across a bay only J 
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miles wide could whip up waves no 
more than seven feet high. But the 
same wind, with a fetch of 300 miles, 
would pile up waves 19 feet high in 
less than one day. Seamen have re- 
ported waves 100 feet high, but these 
reports are probably unreliable. 
Although 65-foot waves have been 
estimated, the highest waves gener- 
ally are about 45 feet. These are 
frightening enough! 

Once a wave has been set in mo- 
tion, it will continue to run across 
the sea, even in a flat calm, for thou- 
sands of miles under its own momen- 
tum if not impeded by land. As it 
rolls, its height—trough to crest—de- 
creases but its length—crest to crest— 
increases. 

When we realize the enormous 
mass of water that is involved in a 
wave and the velocity with which it 
moves, it is easy to see that breaking 
waves strike with great force. At 
Wick, Scotland, in 1872, an engineer 
watched with awe as heavy surf 
lifted a concrete block weighing 800 
tons and swept it onto the shore. He 
was even more amazed when, after 
the storm, he found that the rock in 
which it had been embedded had 
also been torn loose, and that the 
water had lifted and thrown inland a 
mass weighing more than 1,350 tons! 


Tides—Source of Life 

In other storms waves have picked 
up stones and hurled them high into 
the air. Time and again, the windows 
of the lighthouse at Dunnet Head on 
Pentland Firth, Scotland, a beacon 
that stands atop a 300-foot cliff, have 
been broken by stones slung aloft by 
surf. 

Perhaps the most destructive wave 
is the so-called “tidal wave”—actu- 
ally misnamed for it is not caused by 
sun or moon at all. More properly 
called a “seismic sea wave,” or Tsu- 
nami, it forms with sickening sud- 
denness when an earthquake or vol- 
canic eruption moves the ocean bot- 
tom. The shock sets up a wave which 
may not be noticeable at all at sea, 
but when it hits shallow water— 
sometimes thousands of miles away— 
the wave may flood the coast with- 
out warning. The vast wave may take 
hours to reach a shore, but it always 
does, often wreaking great havoc. 
Some have been clocked at 500 mph. 

The tides, slashing through narrow 
channels on rugged coasts, create 
MARCH 
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whirlpools like the ugly funnel of 
water described by Edgar Allan Poe 
in “Descent Into the Maelstrom.” In 
fact, it is said that there is a real 
maelstrom just where Poe placed the 
one in his story. It spins between two 
islands of the Lofoten group off Nor- 
way. 

But just as the ocean destroys, it 
also builds. The gentle swash and 
backwash of moderate waves de- 
posits uncountable grains of sand 
along the shore, gradually building 
it into lovely shining strands. Many 
of the long beaches on the south- 
eastern shores of the U. S. are being 
built this way. 
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during the months from March to 
August, the grunion swims through 
the ebbing tide to the shores of Cali- 
fornia. There, during the brief inter- 
val between successive waves, the 
male and female come together in 
the wet sand, the one to shed her 
eggs, the other to fertilize them. Suc- 
ceeding waves do not wash the eggs 
away because the tide is receding. 
Nor do the waves at high tide on 
succeeding nights bother them, for 
the grunion have survived only by 
their adaptation to spawning during 
the change from spring to neap tide. 
No one knows exactly how the 
grunion senses phases of the tides. 


Imperial Oil photo 


Since shad are not known to fly, only way they could be caught in nets set three 
miles at sea by Nova Scotia fishermen is to be stranded when tide drops 28 ft. 


And, of course, the tides are a 
source of life to billions upon billions 
of sessile animals like oysters, mus- 
sels, and barnacles, organisms that 
cannot go after food but must wait 
for the flooding tide to bring it to 
them. 

No creature, however, has a life his- 
tory as beautifully coordinated with 
tidal rhythm as does the grunion, a 
shimmering fish about the length of a 
man’s hand. The daily and monthly 
flow of the tide produces an environ- 
ment which provides survival value 
for this species. 

Shortly after the full of the moon 


No tide will reach high enough for 
two weeks, and thus the developing 
eggs are protected from water-borne 
predators. But within the next two 
weeks, the eggs in the warm, moist 
sand change to larval fish. When the 
succeeding spring tide rolls in, the 
fish are ready to be borne to sea. 

The ocean is, then, a wondrous 
mass of water, laced with currents 
that flow inexorably at the will of the 
sun and the rotation of the Earth, 
and rising and falling at the beck of 
sun and moon. It is never still; it is 
ever changing. It is, indeed, the rest- 
less ocean. 



















On the face of the earth live many creatures, each fitted by structure and behavior to survive in its 


own environment. Man alone is found in all environments, adapted to them by the gift of learning. 





Varying hare, shown in its summer and winter coats, travels 
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By WILLIAM MONK 


ID you ever climb a tree? How 

did you get down again? Unless 
you were unusually clever or fool- 
hardy—or both—you climbed down 
feet first. But a squirrel could race 
down the tree head first. A robin 
would have flown down. 

All this is fairly obvious. But each 
case involves an important biolog- 
ical principle. The creatures in the 
tree—human, squirrel, and bird— 
are structurally “fitted” to behave 
as they did. Each species seems to 
be fitted—“adapted” by inherited 
ability, as biologists say—to carry on 
specialized tasks in its own environ- 
ment. 

For example, jungle plants grow- 
ing in deep shade are able to carry 
on photosynthesis with less light 
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than other plants. Thus they are 
adapted to their environment. Desert 
plants have special structures that 
conserve water. 

Water conservation is also a prob- 
lem for desert animals. The desert- 
dwelling kangaroo rat obtains water 
by breaking down carbohydrates in 
its diet. This attractive little animal’s 
kidneys save water by producing 
urine concentrated that it be- 
comes a solid almost immediately 
after it is excreted. Thus wastes are 
eliminated from its body with little 
water loss. 

Deserts offer one set of problems. 
The regions around the poles pre- 
sent problems of a different kind. 

In the far north, winter frosts and 
snow kill or bury much of the food 
supply of birds and the browsing 
caribou. Ice covers*the lakes and 


so 


ponds used by feeding water fowl. 
Faced with food shortage, most of 
the birds and the caribou migrate 
southward. 

Laboratory tests at the Arctic In- 
stitute of Health at Anchorage, Alas- 
ka, have shown that some of these 
animals can survive prevailing tem- 
peratures if they are provided with 
food. Their migrating behavior is 
interpreted by scientists as being an 
adaptive response to food shortage 
—not cold. 

Non-migrating animals have also 
been studied. William O. Pruitt, Jr., 
of the University of Alaska, found 
the moose an excellent example of 
anatomical adaptation to environ- 
ment. With its long legs, the moose 
can easily wade through up to three 
feet of snow. The moose—an “intelli- 
gent” creature—uses roads and rail- 
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Thirsty camel can drink fast, often as much as one fourth of body 
weight in 10 minutes. This is useful adaptation for desert life. small amount of water, obtained from food. 
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road tracks as paths in winter. 
Alaskan motorists and railroad engi- 
neers often find their progress 
blocked by a short-tempered and 
stubborn moose acting as if the hu- 
mans were trespassing on a private 
moose path. 

Another example of adaptation is 
the varying hare—the “snowshoe” 
rabbit—which travels on the surface 
of the snow. Broad feet distribute its 
weight over a large area. 


Warm Under the Snow 

There are other ways by which 
animals are fitted to survive in north- 
ern winters. Larger animals—the 
moose, for example—have relatively 
less surface area than small animals. 
This tends to conserve body heat, 
by reducing radiation losses. 

We might think a large animal 
should have as much surface area in 
proportion to its volume as a small 
one. But it doesn’t. 

Think of two cubes—one with two- 
inch sides and the other with four- 
inch sides. The volume of the larger 
is eight times that of the smaller. 









Photo from Richard Harrington 
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Shrew winters under snow. Here, in temperatures 
surface, small body loses less heat. 
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Desert dwelling kangaroo rat does not drink, needs 





However, its surface area is only 
four times as large. 

It follows that an animal with eight 
times the volume of another, doesn’t 
have eight times the surface area. The 
greater the surface area is in propor- 
tion to volume, the greater the heat 
loss due to radiation. 

Shrews and lemmings—small rod- 
ents—have a relatively large body 
surface in relation to body mass. 
They radiate heat rapidly in the 
northern winter, and adapt to ex- 
treme low temperatures by burrow- 
ing beneath the snow, where tem- 
peratures never fall far below freez- 
ing. 

Man, however, is found in all en- 
vironments. How has he been able 
to adapt? 

Man’s ability to function efficiently 
in the hot or cold climates of the 
earth depends on his body’s tempera- 
ture control system. 

In adapting to conditions of ex- 
treme cold man finds ways to con- 
serve body heat. 

The Army’s cold weather re- 
searchers have found the Eskimo’s 


Left—Eskimo uses sound principles in design of efficient winter garments. Two layers 
of skins prevent excess body heat loss by minimizing radiation and convection losses. 
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solution to be a highly effective one. 

Traditionally, the Eskimo wears 
two layers of fur clothing. The inner 
layer has the fur toward the body, 
and the outer layer has the fur ex- 
posed. These provide layers of dead 
air space which cut down heat losses 
by radiation and convection. Inside, 
next to the skin, is a layer of air kept 
warm and moist by body processes. 
As air cools, it becomes heavier and 
sinks. Thus, as the air next to the 
Eskimo’s skin cools it flows out of 
the bottom of the garment. 

Before recent Army _ research, 
Army winter clothing was _ tight 
around the waist. Since temperature 
tends to flow from hot to cold, a 
layer of trapped cold air increases 
loss of body heat. Thus, rather than 
keeping soldiers warm, this tight 
clothing hastened cooling. 


How Camels Save Water 

Just as some animals are suited to 
life in the Arctic, other animals are 
suited to life in the deserts. 

The camel is known to 
for long periods on short water ra- 
tions. Dr. Knut Schmidt-Nielsen of 
Duke University and his wife, Bodil, 
studied the camel’s water metabolism 
(use of water in body chemistry ). 

Their problem: What would scien- 
tifically controlled studies reveal 
about the length of time a camel 
can go without water? 

On a normal winter diet of juicy 
plants, camels could go for at least 


survive 








two months without being watered. 
When kept on a completely dry diet, 
camels were still able to go without 
drinking for several weeks. They did 
lose water steadily from the lungs 
and in the urine and feces. But the 
camels’ appetites remained good. 
Although they lost weight, it was 
not fat and muscle, but simply wa- 
ter. When watered, they drank 
enough in a few minutes to bring 
their weight back to where it had 
been at the beginning of the tests. 

How does the camel conserve wa- 
ter: 

The Schmidt-Nielsens found sev- 
eral adaptations. Most striking of 
all, the camel survived dehydration 
(drying out) by maintaining the 
fluid in its blood. The fluid of the 
blood (plasma) contains one twelfth 
of the body’s water. By injecting 
dyes into a camel's blood, and meas- 
uring its concentration before and 
after dehydration tests, the Schmidt- 
Nielsens found that the camel lost 
only one tenth of blood volume, 
while losing one fourth of its body 
weight. 

Experiment confirmed the camel's 
ability to lose water and remain in 
good condition. 

In the summer heat of the Sahara 
the Schmidt-Nielsens kept one 
camel off water for eight days. It 
lost 220 pounds—22 per cent of its 
body weight. It had no difficulty 
in gulping enough water, by the 
bucketful, to regain its normal weight 





















and appearance within 10 minutes. 

Man drinks much more slowly. 
After a day in the desert, a man will 
not make up his water losses for 
several hours. 

Just as fur protects against heat 
loss, it can cut down on heat gain 
In summer, even after shedding 
most of its wool, the camel has a 
thick layer on its back. The wooly 
back, together with the fat of the 
hump, reduces heat absorption. 

The concentration of body fat— 
an excellent heat insulator—in the 
camel's hump is still another adapta- 
tion to desert life. The fat back—ex- 
posed to the most direct rays of the 
sun—is insulated by the fat of the 
hump and heat absorption is mini- 
mized. 


Man Adapts to Deserts 

Interestingly, the camel’s tempera- 
ture increases slowly throughout the 
day from a low of 93 degrees F. to 
as much as 105 degrees F. Not until 
it reaches the higher temperature, 
does the camel begin to sweat free- 
ly, thus conserving water by delay- 
ing the onset of sweating. 

There is some fluctuation in hu- 
man temperature, too, during the 
day. Dr. David Bass, who carried 
out research in human responses to 
heat stress for the Army Quarter- 
master Corps, says that the range 
from 98—100 degrees F. is “jealously 
guarded” by the body. 

(Continued on page 34) 


Soldier walks on treadmill in “hot-dry” desert environment. — 
Heat gain is shown by thermocouples wired to parts of body. — 
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LIGHT RAYS 


B-EARTH 


By MICHAEL DADIN 


OMMANDER Carl I. Aslakson 
of the U. S. Coast and Geodetic 
Survey was a very puzzled man. He 
had been working through the night 
in his Washington office, studying 
land measurements made by shoran, 
a type of radar. This was his prob- 
lem: Could the shoran provide dis- 
tance measurements accurate enough 
for navigation? 

On his desk were long lists of cal- 
culated measurements and results— 
and all were wrong. 

Commander Aslakson had _ re- 
checked his calculations hundreds of 
times. Every result turned up the 
same error. True, the error was small, 
but it was persistent. 

Desperate to find the source of this 
nagging error, Commander Aslakson 
followed a wild hunch: He knew that 
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Eclipsing moons of Jupiter gave Danish astronomer Ole Roemer 
d of light. Moons eclipse regularly, act as 
clock. Roemer measured time light took to cross Earth’s orbit. 
Photo shows moon (white dot at right) and its shadow on planet. 
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the shoran used the speed of a radar 
pulse as part of its measurement sys- 
tem. Since radar pulses travel at the 
speed of light, the figure of 299,776 
kilometers per second had been built 
into the electronic system. Suppose 
he used another figure for the speed 
of light? ‘ 


Error or New Figure? 


The next day Commander Aslakson 
had his answer. By using 299,794.2 
kilometers per second as the speed of 
light, his shoran distance measure- 
ments would match exactly the sur- 
veyed distances. 

Commander Aslakson wondered: 
Had he discovered a new figure for 
the speed of light? 

Although this was: the only likely 
conclusion, he hesitated to make it. 
The speed of light had been meas- 
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Science catches up with the speed of light — and finds it may be changing 


ured by dozens of experiments in the 
last fifty years. Most of them agreed 
rather closely on the figure of 299,- 
776 kilometers per second. It was very 
unlikely that all the experimenters 
had reached the same wrong figure. 

He also knew that scientists re- 
garded the speed of light as one of 
the fundamental constants of nature, 
more stable than the motion of the 
Earth itself. And he had no reason to 
believe that the radar pulses moved 
any faster or slower than light. 

Either the results of all the experi- 
ments were wrong, or the speed of 
light had actually changed over the 
last ten years. A change of about one 
foot in four miles would mean a rev- 
olution in physics. 

In 1949, when Aslakson announced 
his new figure for the speed of light, 
physicists all over the world began 
to check his results. In the next few 





































Wide World photo 
Dr. Albert Michelson checked speed of 
light in 1930 with mile-long steel tube. 


years a dozen new and ingenious 
measurements of the speed of light 
were carried out. Most agreed on a 
figure of 299,791.8 kilometers per 
second (186,282 miles per second). 
This figure was 15 kilometers greater 
than that found by most previous 
experiments. 

Had the speed of light actually 
changed? Or had previous experi- 
menters made errors in their calcu- 
lations while working with inaccurate 
instruments? To find out, scientists 
dusted off their old scientific journals 
and took a closer look at the work and 




















observations of past experimenters. 

They did not bother with the ex- 
periments of Galileo, who had been 
one of the first to try measuring the 
speed of light. Using a hand-operated 
shutter, he sent flashes from a lan- 
tern to an assistant on a nearby hill, 
who signaled back. From this experi- 
ment, Galileo could conclude only 
that the speed of light was fantasti- 
cally great. He thought it might even 
be instantaneous—that light took no 
time at all to travel from one spot to 
another. 


Early Experiments 


But a sharp-eyed Danish astron- 
omer named Ole Roemer soon proved 
that the speed of light was finite, and 
that light does not travel instantane- 
ously. It was a great discovery, con- 
sidering the crude scientific instru- 
ments available. 

Roemer had been carefully study- 
ing the bright satellites of Jupiter, 
discovered by Galileo in 1610. Three 
of the satellites were eclipsed at each 
revolution of Jupiter, regularly as 
clockwork. Each eclipse of one of 
Jupiter's moons was like a tick from 
an astronomical clock. 

Roemer noticed, however, that 
when the Earth and Jupiter ap- 
proached each other in their orbits 
around the sun, the time between 














successive eclipses diminished. And 
when Jupiter and the Earth were 
separating in their orbits, the time 
between eclipses lengthened. The 
“ticks” of the astronomical clock be- 
came longer or shorter as the Earth 
was moving away from or toward 
Jupiter. 

The Danish astronomer could draw 
only one conclusion: The speed of 
light is finite. When the Earth is 
moving away from Jupiter, the light 
from each successive eclipse takes 
longer and longer to reach the Earth. 
This makes it seem as if the time be- 
tween eclipses has lengthened. When 
the Earth is moving toward Jupiter, 
the light from each successive eclipse 
takes less and less time to reach the 
Earth, making it seem as if the time 
between eclipses has shortened. 

Roemer went further. He calcu- 
lated that it takes about 1,200 seconds 
for the light from Jupiter to cross the 
diameter of the Earth’s orbit, which 
he knew to be about 186,000,000 
miles. From this he calculated that 
the speed of light was about 155,000 
miles per second—a rather good re- 
sult, considering the limited know!]- 
edge and poor instruments available 
in 1670. 

Fifty years later an English astron- 
omer, James Bradley, also used the 
Earth’s motion around the sun to 
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measure the speed of light. He found 
that the angle at which light from a 
star falls on the Earth changes slight- 
ly as the Earth moves in its orbit. 
Since he knew the speed of the 
Earth’s motion (about 18 miles per 
second ), he could make a rough cal- 
culation of the speed of light. 

It is not surprising that astronomers 
—rather than physicists, chemists, or 
other scientists—were the first to 
measure the speed of light. Astron- 
omers were the first to make ex- 
tremely accurate measurements—in 
order to predict eclipses and prepare 
the calendar. Only scientists precise 
in their measurements could calcu- 
late a velocity as rapid as that of 
light. 


Chopping Light Beam 

One hundred and thirty years later, 
scientific instruments had become so 
accurate that a French physicist, 
Hyppolyte-Louis Fizeau, actually 
measured the speed of light in the 
laboratory. 

Fizeau performed a “modern” ver- 
sion of Galileo’s experiment. He 
measured the time it took a pulse of 
light to travel a measured distance. 
Fizeau spun a notched wheel in front 
of a beam of light. Each notch let a 
burst of light through, so that the 
spinning wheel chopped the light 
beam into a series of short pulses. 
Each pulse traveled to a distant mir- 
ror, and was reflected back to the 
spinning wheel. If the wheel was 
spinning at the right speed, the re- 
turning light pulse passed through 
one of the notches and showed up in 
the eyepiece behind the wheel. If the 
wheel was spinning at the wrong 
speed, the returning light pulse found 
a tooth of the wheel blocking its 
path, leaving the eyepiece dark. 


‘Two Conflicting Theories 


* By accurately timing the speed of 
the whee +], and measuring the length 
of the 22-mile round trip to the mir- 
ror, Fizeau was able to compute the 
speed of light. His measurement was 
313,000 kilometers per second. This 
was far from the value we accept to- 
day, but his idea inspired another 
Frenchman, Leon Foucault, to devise 
a similar experiment. 

Foucault substituted a rotating 
mirror for Fizeau’s notched wheel. 
When the light pulse returning from 
the distant mirror hit the rotating 
MARCH 
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Mirror on 
Mt. San Antonio 
(22 miles away) 
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Famous experiment by Albert Michelson measured travel time of light beam from Mt. 
Wilson to Mt. San Antonio and back. Octagonal mirror chopped up beam and timed it. 


mirror it would be deflected toward 


the eyepiece. 


However, if the speed 


of the mirror was very slightly off, 
the light pulse would be deflected 
away from the eyepiece. This allowed 
Foucault to make measurements that 
were much more accurate than those 


of his 


fellow-Frenchman. 


Foucault 


measured the velocity of light to be 


First accurate measurement of light velocity, made in 1849 by Louis Fizeau, French 


scientist, was off 5%. Fizeau used notched wheel to chop up beam, time its return. 
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298,000 kilometers per second—much 
closer 
value. 
Foucault's measurement was close 
to satisfy 
Who cared about the precise speed 
of light anyway? 
Few people did, 
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the speed of light was urgently 
needed to answer a question with 
which scientists had struggled for 
years: What is light? 

At the time of Foucault, 
believed light was either tiny bodies 
(corpuscles), according to Newton, 
or that light was composed of waves 
(disturbances), according to New- 
ton’s contemporary, the great Dutch 
scientist Christian Huygens. In Op- 
ticks, his famous book on light, New- 
ton had written: “Are not the Rays 
of Light very small Bodies emitted 
from shining Substances . . .?” 

Each theory had its supporters— 
until 1865. That year the famous 
Scotch physicist James Clerk Max- 
well proposed the theory that light 
was made up of electromagnetic 
waves, like electricity. He also the- 
orized that the speed of light must 
be the same as that of electricity. 

From electrical measurements, 
Maxwell calculated that the speed of 
light should be 300,000 kilometers 
per second. Now, if someone could 
measure the speed of light with suf- 
ficient accuracy, Maxwell’s theory 
might be proved correct, and New- 
ton’s corpuscular theory discarded. 


The Challenge Is Met 


The man who eventually met the 
challenge was Albert Michelson. 
Michelson was only 26 in 1878, a 
young ensign teaching physics at 
Annapolis, when he suddenly thought 


scientists 
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Vibrations of carbon monoxide molecule are used to measure speed of light. 
Light passes from source (left), through gas in bolted cell, to spectrometer. 


of a method which would allow him 
to make extremely accurate measure- 
ments of the speed of light. By de- 
vising improvements in Foucault's 
system of mirrors, he felt he could 
get a result that would be accurate 
to one part in ten thousand. 

That summer, Michelson’s father- 
in-law gave him funds with which to 
build equipment. Maxwell had pre- 
dicted from his theory of electromag- 
netic waves that the speed of light 
should be 300,000 kilometers per 
second (approximately 186,000 miles 
per second). Michelson’s result was 
299,895 kilometers per second, plus 
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Atomic clock keeps time with vibrations of cesium atom—accurate to one second in 
1,000 years. Clock designed by Bur. of Standards yields measure for speed of light. 





or minus 30 kilometers. Michelson 
had proven Maxwell right and New- 
ton wrong. For his achievements, 
Michelson became the first American 
to win the Nobel Prize in physics. 

Inspired by this success, Michelson 
spent the rest of his life improving 
and refining his equipment. In 1923, 
at the age of 71, he applied the 
Foucault method on a_ spectacular 
scale. From Mt. Wilson in southern 
California his rotating mirror sent a 
beam of light 22 miles across the San 
Gabriel Valley to a mirror on Mt. San 
Antonio. To measure the distance 
between the two mirrors precisely, 
the U. S. Coast and Geodetic Survey 
used its most accurate surveying 
methods. Surveyors determined the 
distance between the peaks to an 
accuracy of one part in one million, 
or one inch in the 22 miles. This was 
probably the most accurately meas- 
ured line ever marked on the Earth’s 
surface. 


Mile-Long Steel Tube 


Working within this enormous, pre- 
cisely measured distance, after three 
years of labor Michelson arrived at 
the figure of 299,796 kilometers per 
second—a figure modern 
measurements. This figure was by far 
the most accurate ever achieved, but 
Michelson was not satisfied. The air 
between the two mountains was 4 
source of error, since the density ot 
air affects the speed of light. It was 
a small error, but it was annoying 
To overcome this, Michelson built a 


(Continued on page 38) 
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A Mid-Western farmer pauses at work to answer the questions 
of an interviewer (enumerator) from the Bureau of the Census. 
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Census-takers risk personal safety to accomplish their mission. 
Here’s one arriving at a lonely island off coast of California. 


A Billion Bits of Information 


NCE MORE, it’s time for Americans 

to stand up and be counted. 

Next month, an enumerator (“census 
taker”) from the Bureau of the Census 
will call at your house and ask you and 
your parents some 60 questions. You 
can probably guess what some of them 
will be: your name, age, and place 
of birth. But you may be surprised at 
others: highest grade you have reached 
in school, your income (if you are over 
14), and the number of television sets 
in your house. This will be the most 
comprehensive census ever taken. And 
it will be the biggest: enumerators ex- 
pect to find 180,000,000 Americans. 
In fact, the bureau expects to collect 
so many billion bits of information 
about the way we live that it has set 
up a battery of high-speed computers 
to analyze them. 

Here’s how Uncle Sam will write the 
biggest and most dynamic “progress re- 
port” in history. 


What's a Statistic? 

You're about to become a statistic— 
nnd it may be a turning point in your 
life. 

Next month, 160,000 specially-trained 
enumerators will fan out across the 
country to take the 18th decennial U. S. 
census. In every house, hotel, and jail, 
these census-takers will ask dozens of 
questions that will reveal who we are 
and how we live. After months of 
processing, our answers will appear in 
a 100,000-page progress report—actu- 
ally it will fill about 100 books—a re- 
port that may determine where you 
will go to college, whether you will 
be drafted, and where you will build 
your home. 


For this year’s census, the Bureau of 
the Census (U. S. Dept. of Commerce) 
has prepared two sets of questions: on 
Population and on Housing. The Popu- 
lation figures will, of course, determine 
how many representatives each state 
sends to Congress. But, more important 
to you, they will help the U. S. Dept. 
of Defense figure out its draft require- 
ments and distribute them fairly. State 
governments will base their plans for 
new colleges on them. And manufac- 
turers will decide where to build new 
factories—which will provide new jobs 

after studying these statistics. 


Your Answers Are Important 


Your answers to the 38 questions on 
Housing (for example, “Is there a bath- 
tub in your home?” “What is your 
monthly rent?” “Do you have air con- 
ditioning?”) will help Congress plan 
new legislation and will show business- 
men where to find new markets for 
their products. 

So, youre about to take part in a 
important 
bureau importance this 
way: “Millions of people and thousands 
of organizations use Census Bureau 
statistics. So extensive is their use that 
they affect the lives of virtually every 
person in the country.” 


big event, an event. 
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Full-Time Work for the Bureau 


Collecting and analyzing the answers 
to the two sets of questions in the 
1960 census will be a staggering task. 
Printing and distributing the resulting 
statistical tables ,will take months. But 
the work of the Bureau of the Census 
will not stop there. For there are many 
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censuses. In years ending in “2” and 
“7” (1942, 1947, 1952, etc.) the bureau 
takes a census of governments (state 
and local governments employ some 
6,000,000 people and spend $50,000,- 
000,000 every year). For years ending 


in “3” and “8” there is a census of 
business, manufacturing, and the min- 
eral industries. And every five years 
(ending in “4” and “9”) there is a 


census of agriculture that may include 
200 or 300 questions. Small wonder 
that the bureau is made up of 19 di- 
visions (Population, Housing, Business, 
Manufacturing, Foreign Trade, Trans- 
portation, etc.) that must work full 
time to keep up statistically with the 
booming country we live in. 

The census is not new. Virginia 
colonists took the first American census 
in 1635 (5,119 persons). The second 
was taken in New York in 1698 (18,067 
persons). Massachusetts Bay colonists, 
always suspicious of people who came 
around asking questions, refused to be 
counted until 1764; they were afraid 
the British would use the information 
to their disadvantage (they need not 
have been concerned—any more that 
we are today). In 1790, the first truly 
United States census, ordered by Con 
gress, was taken by U. S. marshals 
It revealed that we 3,929,214 
strong. 

Today, 17 censuses later, we stand 
about 180,000,000 strong. We're grow: 
ing fast. And we're always on the move 
How will the Census Bureau ask us al 
those questions? More amazing yet, 
how will it sort out our answers an¢ 
shake them down into statistics that 
“millions of people and thousands @ 
organizations” can use? 


stood 
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Knock at Every Door 


Any More Questions? 


A high school student in Columbus, 
Ohio, took one look at the questions 
on the enumerator’s list not long ago 
and said, “They’ve thrown in everything 
but the kitchen sink.” And he was right. 
The census covers many things, but not 
kitchen sinks. The. reason: a question 
on kitchen sinks in the 1950 
showed that practically every Ameri- 
can owns one, so the question was 
dropped. This year, your family will 
be asked if it owns a TV set, but 
chances are that the question will be 
dropped from the 1970 census. Almost 
everyone will have at least one set by 
then, so there will be no need to ask. 
Questions change with the times. 


census 


What Did You Say? 

Phrasing the question so everyone 
will understand it is hard. Phrasing it 
so that everyone will give a compara- 
ble answer is harder. Here’s an ex- 
ample. Suppose you are 12 and your 
thirteenth birthday is next week. If the 
enumerator asks, “How old are you?” 
vou might anticipate your birthday and 
say, “Thirteen,” or you might be pre- 
cise and say, “Twelve.” So the ques- 
tion must be asked, “State your month 
and year of birth.” Questions on em- 
ployment—kind, hours last week—must 
also be carefully phrased. 


Where Is Everybody? 

A long time ago, the Missouri River 
gnawed a huge chunk of land from its 
east bank and deposited it on the west 
bank, Because rivers do this all the 
time, no one was particularly con- 
cerned—except the census taker, The 
meandering river had left part of the 
state of Iowa almost completely sur- 
rounded by the city of Omaha, Neb. 
Hastily, he made a new map. 

Maps are extremely important to the 
Bureau of the Census; in fact, so im- 
portant the bureau makes its own. A 
huge staff of cartographers has been 
poring over thousands of city, town, 
county, highway, topographic, soil, and 
aerial maps from all over the U. S. 
From these they have produced special 
maps for each of the 250,000 Enumer- 
ation Districts, maps that are so finely. 
detailed that they show every street in 
cities and towns and every lane and 
bridge in rural areas. District bounda- 
ties are clearly marked so no one is 
counted twice and no one left out. 
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Who's ait the Door? 


Last fall, 30 highly-skilled technicians 
descended on Suitland, Md. (near 
Washington, D. C.), the home of the 
Bureau of the Census, to go to school. 
Their subject: teaching others to teach 
others how to take the census. By mid- 
winter, these 30 Chief Instructors had 
hurried off to 17 regional centers such 
as Washington, St. Louis, and San 
Francisco to teach the tricks of census 
taking to 400 Technical Officers. A few 
weeks ago, these Technical Officers in 
turn fanned out to 400 cities to train 
10,000 crew leaders. And now, as you 
read this, the crew leaders are training 
160,000 enumerators, one of whom will 
knock at your door on the big day. 

Chances are that the enumerator 
you talk to next month will be a 
woman (64 per cent were in 1950). 
She will be a citizen, will have at 
least a high school education, and will 
have passed a tough written examina- 
tion. And she will have a peculiar kind 
of courage: in 1950, enumerators were 
attacked by turkeys, bitten by dogs, 
and chased by bears. Several were 
stuck in snowdrifts; some joined bucket 
brigades to put out fires. One woman 
had to cross a creek twice on a fallen 
tree—and fell in both times! 


Did We Catch Everyone? 

Did you know that there are thou- 
sands of people in our country who 
have no fixed address? They are mostly 





« 


men without families who travel con- 
stantly on business. Many retired people 
live in the north in summer and the 
winter. And there are, of 
course, the drifters or hoboes that are 
always on the move. How to 
them? 

On the evening of March $1, the 
night before the census begins, enu- 
will every 
hotel, motel, rooming house, seamen’s 
home, bus and train, railway station 
and airport and catch all these transients 
by the elbow and detain them just long 
enough to “take census.” It will be “T 
Night,” transient night. Ten nights later, 
on “M Night,” (mission night) they 
will drop in on all the well-known and 
not-so-well-known hangouts of the hun- 
dreds of thousands of hoboes who wan- 
der ceaselessly across the country and 
ask them the same questions they ask 
you and your parents: name, address, 
place of work, and means of transporta- 
tion. 

Employees at diplomatic posts 
abroad, members of the Armed Forces, 
and sailors aboard ship will be enu- 
merated by mailed questionnaires that 
were sent out long ago. 

Despite this careful planning, the 
bureau estimates it may miss over 2,- 
000,000 people. 

Counting these billion bits of infor- 
mation and classifying them into usable 
statistics (How many single veterans 
over 60 in California? for example) is 
a super-human task—as we shall see. 
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Map-making is important part of Census Bureau's activities. Here, geographers and 
cartographers lay out block identification maps that will be used in coming countdown. 
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FOSDIC (Film Optical Sensing Device for Input to Computer) transfers data from microfilm to magnetic taps. 


The Electron 
Takes Over 


NDER her arm, the enumerator will 
carry a huge (15x17-inch) work 
sheet on which she will describe your 
family: number of members, ages, and 
many other points. When completed, her 
work sheets, as well as those of the 
other 160,000 enumerators will be sent 
to Jeffersonville, Ind. 


A Meaningful Statistic 

Now, let’s suppose that a social econ- 
omist employed by the state of Massa- 
chusetts wants to find out from the 
work sheets how many Negro boys be- 
tween the ages of 10 and 14 live in 
the New England states. To get the 
answer, a Census Bureau statistician 
would have to go through all the sheets 
of all the enumerators to find the 
Negroes, then through these sheets to 
find the males, then through these to 
find the boys between 10 and 14, and 
finally through these to find the New 
Englanders. When you consider that 
someone else might want to know the 
number of white girls between the 
ages of 14 and 19 in the city of Louis- 
ville, Ky., and someone else the num- 
ber of aged Indians in Arizona, you get 
an idea what a staggering task of 
analysis faces the Bureau of the Census. 

Yet, believe it or not, preliminary 


population totals will be available late 
next month (April). Final state popula- 
tion figures will be sent to the President 
by November (so he can apportion 
seats in the House of Representatives), 
and all statistical tables—thousands of 
them that will reveal information like 
that in the examples above—will be 
completed and printed within a mere 
24 months. How do the statisticians do 
it? They don't. It’s done with elec- 
tronic computers. 

Meet Remington Rand’s_ Univac 
1105; the Censis Bureau’s Fearless 
FOSDIC; the electronic translator that 
“feeds” it; and the automatic high- 
speed printer that types what Univac 
tells it to... 


FOSDIC 

Within two weeks after D-Day 
(April 1), the enumerators will start 
sending their work sheets to Jefferson- 
ville, Indiana. Here, 50 special cameras 
will photograph each large sheet and 
reduce it to a bit of acetate no bigger 
than your thumbnail. Altogether, the 
cameras will expose more than 950 
miles of film. 

A private contractor will develop this 
precious film and speed it to the bu- 
reau’s main offices in Suitland, Md. At 
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Suitland, the rolls will be fed to Fear- 
less FOSDIC (Film Optical Sensing 
Device for Input to Computers) who 
will “read” the microfilm using a cath- 
ode-ray tube similar to the one in your 
television set, and translate the enumer- 
ators’ pencil marks into the language 
of Univac . . . a series of magnetized 
dashes on tape. (It is at this point, by 
the way, that your identity as a person 
disappears and you become a statistic.) 

The four FOSDICs at Suitland can 
read, translate, and convert to com- 
puter language al] the material on two 
work sheets in one second. 

Next step—feed FOSDIC’s magne- 
tized tapes to Univac. 





SPEAK UP! 


By law, you and your family must 
answer all official census questions. 
If you refuse, the Bureau of the Cen- 
sus can take you to court where the 
judge may sentence you to 60 days 
in jail and fine you $100.00. 

“But,” says one enumerator, “we 
seldom have to take anyone to court. 
As soon as we explain that every 
answer is turned into a tiny magne- 
tized dash on a piece of tape—in 
other words, becomes a statistic with 
no connection to name—people give 
us their answers.” 

Enumerators’ records are forever 
secret and can be released only to the 
person directly concerned or his legal 
representative. Not even the Presi- 
dent of the United States, the FBI, 
or tax collectors can tap census rec- 
ords, 

If the enumerator himself is indis- | 
creet, he can be fined $1,000 and | 


jailed for two years. 
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HUS far, the Bureau of the Census 

has taken two big steps: their enu- 
merators have collected information on 
approximately 180,000,000 people and 
FOSDIC has converted that informa- 
tion to magnetized dashes on long tapes. 
Now someone must count the dashes 
and classify them as “head of family,” 
“female,” “widow,” etc. It’s too big a 
job for mere mortals. So the bureau is 
using four computers (two of its own, 
one under contract with the University 
of North Carolina, and the other with 
the Armour Research Foundation of the 
Illinois Institute of Technology). Work- 
ing at the speed of electron flow, they 
can count and classify bits of informa- 
tion much faster than human beings. 


Can a Machine Think? 


Right now, for less than a dollar you 
can build a computer. It will be able 
to answer “yes” or “no” to simple ques- 
tions—precisely as Univac does. You 
need two mechanical switches, a flash- 
light battery, a flashlight bulb, and some 
wire. 

Let’s say that you want to build a 
cemputer that can figure out the an- 
swer to this question: “Are two certain 
conditions fulfilled?” and then say “yes” 
or “no.” The bulb will tell you the an- 
swer: “yes” if it’s lit; “no” if it’s dark. 


K. 


Computer operator seated at the Univac 1105. Standing from left to right: R. F. Drury, Chief of Census 
Bureau Electronic Systems Division; Robert W. Burgess, Census Director; A. W. von Struve, Information. 
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Computer Secrets 


We'll call the answer the “output” of 
the system. The switches that you open 
and close by hand comprise the ques- 
tion we want to ask (“Are both con- 
ditions fulfilled?”). We'll call this the 
“input.” 

Connect the switches with the battery 


and bulb like this: 














Now, when the switches are closed, 
the bulb lights up. The answer is “yes.” 
li one is not closed, the bulb stays dark 
and the answer is “no.” 

You may snort, “Is that all there is 
to it?” But consider the neatly logical 


operations that your computer per- 
forms: 
1) It accepts information as_ input 


(switches are open or closed). 
2) It makes a decision based on that 
input (are both switches closed?). 
3) It takes action based on the de- 
cision (either the bulb lights or re- 
mains dark). 
And, most important of all, it does 
this with the speed of electricity. 


Advertisement 






Now, suppose we look at Univac. 

For the past several months, highly 
trained persons called “programmers” 
have preparing instructions for 
Univac (we'll see how in a moment). 
Che instructions say, “Look at the mag- 
netized dash on the tape. Does it repre- 
sent a ‘male’?” Univac does so. Let’s say 
the answer is “yes.” Next question: “Is 
that male ‘head of the family?’ ” Univac 
decides. Again, let’s say the answer is 
“ves.” “O. K., add one male family head 
to the running total in your ‘memory’.” 

We can perform the same operation 
with our home-made computer. If the 
person is a male, close switch No, 1. If 
he is head of the family, close No. 2. 
We have met both conditions .. . and 
the light goes on! 

Univac’s decisions can be made con- 
siderably more complicated by adding 
more switches, but they are all based 
on simple yes-no judgments. And de- 
signers can combine yes-no circuits into 
circuits of staggering complexity so that 
the computer can answer extremely 
complex questions, yet—and here is the 
wonder of modern electronic machinery 

it can answer them with incredible 
speed. Univac, for example, reads 20,- 
000 characters on the FOSDIC tape in 
one second and makes its decisions in 
17/1,000,000ths of a second! 


been 









Remington Rand’s Univac 1105. Working at the speed of elect 


Computer 


Talk 


HE computer, then, is a simple 

machine. Its switching elements (in- 
formation storage units) can be either 
open or closed, not halfway between. 
The computer can answer only “yes” 
or “no,” not “maybe.” It follows, then, 
that the language of the computer must 
also be simple. Instructions to it must 
be couched in yes-no or on-off terms. 
Fortunately for computer designers that 
language was available before the first 
computer was built. It is called the 
binary number system. 


Zero ls0 000000 

In the binary system there are only 
two symbols, 1 and 0 (there are, of 
course, ten symbols, 0 through 9, in 
the decimal system). To represent 
“zero” in binary, the symbol 0 is used. 
“One” is written as 1. 

But now that we have already used 
beth symbols, how can we represent 
“two,” “three,” a “billion”? We com- 
bine our two basic symbols, 1 and 0 
as 1 0 to write “two”; for “three” we 
use 1 1, and so on, arbitrarily group- 
ing the basic symbols to build numbers 
as large as we wish, 

For simplicity’s sake, and to make 
ii easier for the computer, Remington 
Rand writes all its numbers in com- 
binations of seven. “Zero” is 0 C0 0 0 
0 0; “forty-nine” is 1001101; 
“six hundred fifty-three” is 1 1 1 0 1 
0 0. 
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ron flow, this marvelous machine counts and classifies census data. 


You may have heard of computers 
that can read letters as well as num- 
bers. Univac can. Remington Rand's 
programmers simply code the first two 
numbers in the group of seven in such 
a way that they tell the computer that 
the remainder of the numbers in the 
group stand for a letter of the alpha- 
bet. Knowing that the last five numbers 
represent a letter, Univac spells out 
words as well as numbers. 


Get Your Programs Here 

But now we seem to have defeated 
our purpose. If the simple number 
“forty-nine” must be written as 1 0 0 1 
1 0 1, it must take weeks to give Univac 
a few simple instructions. 

This might be true except that the 
Univac typewriter or Unityper converts 
our language to computer language 
automatically, The Unityper is a type- 
writer similar to your portable with 
Arabic numerals and English charac- 
ters. But when you hit a key, let’s say, 
“zero, the Unityper automatically 
prints 0 0 0 0 0 0 0. And, of course, 
it never makes a mistake. 

So, any problem that can be reduced 
to numbers and letters, whether it’s 
designing a jet plane airfoil or making 
out the payroll for a large corporation, 
can be solved by Univac. By “listen- 
ing” to a few fundamental instructions, 
Univac can solve such problems with 
amazing speed. 
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Univac’s “Yes” or “No” 

When Univac is working for the 
Bureau of the Census, it does not get 
to show off its major talents, Instead 
of “comparing” and “taking the square 
root of,” it merely answers “yes” or 
“no” and adds another “male head of 
family” to the running total in _ its 
storage unit. The tapes it produces 
might be called 
tapes. 





count-and-classity 


But these tapes are not the big pay- 
off. They are merely totals to be broken 
down into statistical tables that are 
really useful. For example, a Congres- 
sional committee, concerned about the 
welfare of low-income families, recently 
went to the Bureau of the Census and 
got information on how many families 
in the U. S. had low income. It also 
found out whether they lived on the 
farm or in a large or small city, how 
large the families were, how many 
earners they had, whether they were 
“husband-wife” or “broken” families, 
how old the head of the family was, 
whether he was white or non-white, 
how much education he had, whether 
le was employed, what his occupation 
was, whether the families owned or 
rented their homes, what they paid for 
rent if they rented, and whether the 
dwellings were in good condition and 
had running water. These and other 
facts told the committee not only how 





How to Get Your 
Census Record 


In 1860, Thomas A. Edison’s dad 
called him “*Aivah” and gave his oe- 
cupation as newsboy. In that same 
year, Abraham Lincoln, 51, gave his 
occupation as lawyer, and John D. 
“Rockafellow,”’ who was 21, noted 
that his father’s total 
$12,000. 

You can cull information like this 
from the records of the Bureau—for 
the years before 1880—if you are 
doing historical research, and you 
can get a copy of up-to-date informa- 
tion about yourself—but only about 
yourself—by sending an application. 
The information you receive can 
often be used in place of a birth 
certificate, 

Here’s all you do. 

1) Ask the Personal Census Service 
Branch, Bureau of the Census, Pitts- 
burg, Kansas, for an Age Search Ap- 
plication Form. 

2) Fill it out and sign. 

3) Send with remittance—$3.00—to 
the same office. 

In about 30 days, you will receive 
a form that tells you who you are! 


worth was 
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Unitype operator types informat 


ion in conventional manner, words 

















being recorded in ‘computer talk’ on tape mounted on machine. 


The Pay-off 


many families had low incomes, but also 
what kind of people they were, and, to 
some extent, why they were in the low- 
income group. With such information, 
Congress can write better laws. 

But this kind of information can be 
found only in tables, tables that would 
not be available if Univac had not 
“run through” its total-count tapes time 
and again, making yes-no decisions and 


picking out the information asked for 
in the instructions given it by the pro- 
grammer. 

Tables are printed by tape-driven 
high-speed printers that spew out statis- 
tics at the rate of 600 lines per minute. 
Again, the speed born of electronic 
magic makes it possible for the Census 
Bureau to send out the statistics that 
people want when they want them. 





High-speed printers are capable of printing 600 lines of copy per 
minute. Census Director Robert Burgess observes printer in action. 
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First high-school student to become computer 
programmer is Marilyn Mealey, shown at con- 
sole of Univac | in Philadelphia lab of Rem- 
ington Rand Division, Sperry Rand Corporation. 











Careers for 


Young People 


Census Careers 

If you like working with numbers 
and spotting trends in statistics, you 
might consider a career with the Bu- 
reau of the Census. It employs about 
2,200 people, about 60 per cent of 
whom are women. Most women em- 
ployees are clerk-typists and machine 
operators, but many hold positions of 
great responsibility. The Chief Pro- 
grammer in the electronic data process- 
ing center, for example, is a woman. 
Women, in fact, make up one-third of 
the staff in the Electronic Systems Divi- 
sion. A woman is in charge of the 
bureau’s mineral industries _ statistics 
program; another woman heads the 
governmental units branch of the Gov- 


ernments Division. And the Census 
Library is directed by a woman. 

Still, it may be as the old saying 
goes, that “It’s a man’s world.” All the 
top jobs (director, deputy director, as- 
sistant directors, and division chiefs) 
are held by men. 


Computer Careers 

As we have seen, computers cannot 
solve a problem until someone tells them 
how; that is, creates a flow chart in 
which the problem is set down into 
logical steps and then writes out pains- 
taking operating instructions in simple 
yes-no language. From the time com- 
puters were developed during World 


War II, it was always taken for granted 
that a programmer must be a_ person 
of exceptional ability with a thorough 
background in advanced mathematics 
until a trim, attractive, 19-year-old 
blonde named Marilyn Mealey came 
along. 

Fresh out of high school, and work 
ing as a typist in Remington Rand's 
Univac laboratory in Philadelphia, 
Marilyn was asked if she would like 
to be the “guinea pig” in an important 
experiment. Remington Rand wanted to 
find out whether bright young people 
could become good programmers with- 
out studying advanced mathematics. 
She said, “yes,” and within two weeks 
was writing computer codes. A few 
weeks later she was able to write sim- 
ple flow charts. 

She now receives complicated flow 
charts from systems analysts and trans- 
lates them into instructions for the 
computer. She also teaches courses in 
Unityping (operating the typewriter- 
like machine that prepares magnetic 
tape for Univac), both at the Univac 
Laboratory and at Remington Rand's 
customers’ offices throughout the coun- 
try. She has enjoyed her travels and 
sees an exciting future in programming. 

In a few months, she will be a 
full-fledged programmer; that is, she 
will be able to design and run a com- 
plete program from the beginning—and 
will take her place beside the college- 
trained men and women who tell 
Univac how to think. 

There are scores of good careers for 
you in computer design and operation, 
not only with computer manufacturers, 
but also with many users of computers 
in manufacturing, industry, and govern- 
ment, 





Presented in cooperation with the Bureau of the Census by the 
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Planetoid Launched 


On March 11 one of America’s most 
powerful rockets rose off the launching 
pad at Cape Canaveral and bore a new 
planet into space—Pioneer V. 


The new artificial planetoid (small 
planet) was hurled spaceward by a 
Thor-Able rocket which produced 165,- 
000 pounds of thrust at take-off. The 
instrument payload of Pioneer V_ will 
orbit around the sun, between the 
Earth’s orbit and the orbit of Venus. 
Thus it differs from a satellite, which 
orbits around the Earth. 

Pioneer V will join two other arti- 
ficial planetoids already in orbit around 
the sun: One is the Russian “Mechta” 
cosmic rocket; the other is the United 
States Pioneer IV. These planetoids, 
launched early in 1959, have much 
wider orbits than Pioneer V. They 
circle the sun outside the Earth’s orbit, 
between Earth and its outer neighbor 
Mars. 

Both Pioneer IV and Mechta are now 
useless to science, however, since their 
radios are no longer operating. The 
new Pioneer V carries a 150-watt radio 
transmitter—the most powerful ever 
sent into space. The planetoid should 
be able to radio scientific information 
back to Earth from distances up to 
30,000,000 miles. This range of com- 
munications is 100 times greater than 
that of any 
tracked. . 

Its powerful radio should allow Pio- 
neer V to accomplish its main pur- 
pose — testing radio communications 
through interplanetary space. If radio 
communications are successful, Pioneer 


other space vehicle vet 
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V may provide enough information to 
enable us to land unmanned “space 
laboratories” on planets such as Venus. 
These could radio back to Earth hour- 
ly reports of Venusian weather and 
other scientific information. 

The radio transmitter and_ batteries 
of Pioneer V take up about half the 
space in the 94.8-pound aluminum 
sphere, which is 26 inches in diameter. 
The remaining space is taken up by 
instruments which will measure mag- 
netic fields in interplanetary space, and 
the high-energy radiation hurled into 
space by solar disturbances. Other in- 
struments will measure the amount of 
“cosmic dust”—micrometeorites. Pioneer 
V will also help pinpoint the exact 
position of the planets. Present astro- 
nomical data is not very precise. The 
position of Venus, for example, is 
known only to within 50,000 miles. 


Shot Backward from Earth 


To hurl all these instruments into 
orbit, Pioneer V had to accelerate to a 
speed of 24,869 miles per hour by the 
time the final stage of the three-stage 
rocket burned out—within minutes after 
launching. 

The rocket was actually shot back- 
ward from the Earth; that is, in a di- 
rection opposite to that of the Earth’s 
motion in its orbit, like a bullet from 
the tail gun of a flying B-29. However, 
the Earth’s gravity still affected Pio- 
neer V after the last rocket stage had 
burned out. Seven hours after launch- 
ing, it was speeding away from the 
Earth at less than 8,000 miles per hour. 

Sixteen hours after launching, it was 
133,000 miles from the Earth. By that 
time the sun’s gravity had 


already 
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started to pull Pioneer V into tighter 
orbit, inside the Earth’s orbit. As Pio- 
neer V moves into its tighter orbit, it 
will speed up again, and eventually 
exceed the Earth’s velocity. It will be 
traveling at an average speed of 70,000 
miles per hour in its orbit around the 
sun, compared with 66,500 miles an 
hour for the Earth, and 78,000 miles an 
hour for Venus. The planetoid will have 
a 3ll-day year—the time it takes to 
complete an elliptical orbit around the 
sun. 

Its closest approach to the sun (called 
the perihelion point) will occur on its 
151st day of travel. At that time it will 
be 74,700,000 miles from the sun— 
about 16 million miles closer to the sun 
than the Earth or any space vehicle has 
ever come. 

On the same day Pioneer V will be 
46,000,000 miles from Earth—about 
the maximum range of its radio. At 
that range it takes a radio signal about 
442 minutes to make the trip to Earth. 
See “How Fast Is Light?” p. 13 in this 
issue.) 

In the next ten years Pioneer V will 
probably not approach closer to the 
Earth than several hundred thousand 
miles. It might be 100,000 years before 
the planetoid comes close enough to 
burn up in the Earth’s atmosphere. 

The planetoid’s greatest distance 
from the Earth will be about 186,000,- 
000 miles. At that point it will be out 
of radio range. Communication with 
the Earth will no longer be possible. 
However, for the coming five months 
information will be broadcast back to 
Earth on a frequency of 378 mega- 
cycles for five minutes out of every 


five-hour period—to conserve power. 
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PIONEER V 

- Solar Satellite 
Completes Orbit 
in 31) Days 





N.A.S.A. photo 
Pioneer V, artificial planetoid, launched into orbit around 
sun, has 4,800 solar cells on paddles to power transmitter. 
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Pioneer V will orbit between Venus and Earth. Planetoid 
will have 311-day year, travel 186,000,000 miles from Earth. 








M.I.T. freshman Rafael Soifer of New York operates ham radio 
station which bounced signals off satellite to Bethesda, Md. 
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Cujence in the news 


The transmitter is controlled from the 
Earth, switched on and off by signals 
sent from the great radio telescope at 
Jodrell Bank, Manchester, England. 
Scientific data obtained during periods 
of radio silence is stored in a miniature 
“memory” device for later transmission. 
The transmitter is powered by nickel- 
cadmium batteries. These are being re- 
charged constantly by 4,800. silicon 
solar cells mounted in the four “pad- 
dles.” The cells convert radiant energy 
of the sun into electrical energy. 

By 1963 Pioneer V will once more 
be within radio range of the Earth. It 
its radio transmitter and its instruments 
survive the stresses of a three-year trip 
in interplanetary space, its voice will 
again be heard by Earthbound listen- 
ers. It may even act as a permanent 
orbiting space laboratory, broadcasting 
information to Earth every three years 
for centuries to come. 


Chat via Satellite 


A Bethesda, Md., high school senior 
and an M. I. T. college freshman, both 
17, decided to hold a conversation—via 
radio waves bounced off an orbiting 
earth satellite. 


Both Perry I. Klein, a senior at 
Bethesda-Chevy Chase High School, 
and Rafael Soifer of New York City, 
now a student at the Massachusetts In- 
stitute of Technology, are amateur radio 


operators, with their own transmitters. 

Ordinarily, the curvature ot the Earth 
would interfere with straight-line radio 
communications between New York 
and Bethesda. But as experienced radio 
operators, the students knew that radio 
contact could be made by bouncing 
signals off the ionosphere. The iono- 
sphere is a layer of electrically charged 
(ionized) particles above the strato- 
sphere. They theorized that in a similar 
manner radio signals could be bounced 
off satellites orbiting close to the Earth. 

The students therefore tuned their 
transmitters to broadcast on a frequency 
of 21 megacycles. At that frequency 
radio waves travel in a straight line. 

They agreed to make contact at 
night, between 2 a.m. and dawn, when 
radio reflection from the ionosphere is 
This would insure that any 
received signals would be 
bounced off the satellite, and not off 
the ionosphere. 


weakest. 
those 


Their first attempts were made dur- 
ing Christmas and Thanksgiving vaca- 
tions last year, but they failed to 
achieve two-way contact. They then ob- 
tained calculations of satellite orbits, 
to find out when they would be in 
range during their mid-year vacation. 
They decided to make a try Feb. 6. 

That night they turned on_ their 
transmitters and started broadcasting 
to each other in International Morse 
code. They used prearranged signals 
for 20 seconds at a time. After 34 fruit- 
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World’s first successful radio communication by satellite was 
achieved by bouncing signals off Explorer VII and Sputnik III. 


less attempts, they succeeded in ex- 
changing signals from 1:05 a.m. to 1:12 
a.m., while both Explorer VII 
Sputnik III] were in range, passing low 
over the Atlantic about 150 miles east 
of Atlantic City. 

In his report, Soifer suggested two 
possible explanations for the successful 
transmission: The signal may 
been picked up by antennas on one 
of the satellites and 
Earth. Or the signal may have been 
reflected by the wake of ionized par- 
ticles which trail behind a satellite. 

In announcing the feat, M. I. T. said 
there was “little doubt” that the sig- 
nals received had actually bounced off 
a satellite. 


and 


have 


rebroadcast to 


Talent Search 


A 17-year-old Minnesota high school 
student won first place in the 1960 
Westinghouse Science Talent Search. 


Jerome G. Spitzner of St. James, 
Minn., won a $7,500 Westinghouse 
Science Scholarship. He took first place 
among 40 finalists in a competition 
entered by 29,000 high school seniors 
from every state. 

His winning project 
accelerator—a type of atom smasher— 
which he built at his farm home. Some 
parts were constructed of materials 
lying around the farm, such as Christ- 
mas-tree ornaments and a float from a 
pig trough. 

Both an “A” student and an athlete, 
Jerry is president of the senior class at 
St. James H. S., and has won letters 
in track, wrestling, football, and math. 
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graphic Wide World photo 
p was Other half of radio team is Perry Klein, 
vik HI. Bethesda-Chevy Chase (Md.) H. S. senior. 
- He hopes some day to teach physics 
» 1:12 and do research at a university. In 
neil addition to his ion accelerator, Jerry 
g low also has built and launched rockets, 
eon using home-made fuels. He also de- 
signed an aerial camera with a para- 
4 two chute release triggered from the ground. 
~essful His current project is the building of 
have a binary computer—in a _ discarded 
nm one dresser. 
ast to Jerry is well along in college work, 
heen although still in high school. He has 
d_par- already completed eight semester hours 
ito. of college physics and chemistry of- 
T. said fered through the Continental Class- 
ne sig- room TV program. On Saturdays he 
red off travels 50 miles to Gustavus Adolphus 
College for a physics course. Why is 
he studying so intensively? So that he 
can spend more time on advanced 
courses in chemistry and mathematics 
school when he enters college. 
» 1960 Second-place winner was Melvin 
Search. Hochster of Brooklyn, New York. The 
16-year-old student won a _ $6,000 
James, scholarship for a project in pure mathe- 
ghouse matics. He is currently captain of the 
st place math team at Stuyvesant High School 
petition in New York City. Every morning he 
eta coaches 30 students who are candi- 
; dates for next year’s math team. 
an ion 
nasher— 
», Some 
“ck | Moroccan Quake 
a Shortly after midnight on March I, 
acai the resort city of Agadir, Morocco, was 
er violently shaken by an earthquake. 
i Se at After a night of panic without elec- 
. letters tricity or telephone service, the citizens 
d math. of Agadir saw the sun rise on a ruined 
city. Agadir looked as if a giant foot 
D 
— MARCH 16, 1960 





had stepped on it and crushed its 
buildings into rubble. 

Structures left standing after the first 
shock of the earthquake were destroyed 
a few minutes later by a tidal wave. 

The first shock wave of the Agadir 
quake, propagated through the earth, 
arrived at the Lamont Geological Ob- 
servatory, Palisades, N. Y., about nine 
minutes later. It recorded 
seismograph rooted in rock. 


was on a 

Strangely enough, the Lamont Ob- 
servatory seismograph showed that the 
Agadir earthquake was relatively weak. 
However, the magnitude of an earth- 
quake is no measure of the damage it 
may cause. Geologists believe the cen- 
ter of the Agadir earthquake must have 
been right under the city. 

As for the tidal wave, it may have 
been caused by a sudden movement of 
the ocean floor. Or the shifting of the 
earth’s crust may have caused an under- 
sea landslide, setting up a “seismic sea 
wave” (see pp. 7-9 and 32-34). 

The Agadir earthquake occurred in 
a region where heavy earthquakes are 
rare. However, an earthquake in the 
same region occurred in 1954, in Or- 
leansville in northern Algeria. More 
than 1,400 people perished. Orleans- 
ville and Agadir are at opposite ends 
of the Atlas Mountains. 

Seismologists believe the Moroccan 
earthquake was caused by a fracture 
in the Atlas range. Most earthquakes 
occur in geologically “young” areas. 
These are the parts of the earth’s crust 
that were formed most recently in the 
earth’s history. They are subject to con- 
stant strains and pressures. Geologists 
theorize that these strains may be caused 
by uneven rates of cooling of the earth’s 
crust, or the pull of the moon and sun. 
When the strain becomes too great, the 
earth’s crust slips, or fractures at its 
weakest point—called a fault. 


When the earth’s crust suddenly 
slips, shock waves are propagated, 
which may be detected thousands of 


miles away. The energy of the shock 
wave may be tremendous. A major 
earthquake releases about a thousand 
times more energy than an atomic bomb. 

Volcanic activity was observed soon 
after the Agadir earthquake. Five days 
after the quake, clouds of steam rose 
from the sea about two miles f-om the 
city. This indicated that an underwater 
voleano might be forming at that spot. 
There were also changes in the sea 
bottom near Agadir. Ships reported 
depth changes at various points. One 
ship which took a sounding 20 miles 
west of the city reported that the sea 
bed had risen from the 300 meter depth 
(984 feet) marked on charts to just 
40 meters (131 feet). 


Iceberg Season 


At this time of year the Arctic ocean 
is filled with the ghostly silhouettes of 
huge icebergs moving steadily south- 
ward on a voyage from which they 
will never return. 


Every spring as many as 400 ice- 
bergs drift below the 48th parallel into 
the world’s busiest shipping lanes off 
the Grand Banks of Newfoundland. 
Each iceberg is a massive uncontrol- 
lable menace to navigation. 

The average iceberg that reaches 
Newfoundland has a volume of about 
5,000,000 cubic feet and weighs 150,000 
tons. But these icebergs are already 
two or three years old. The same ice- 
berg, when it first left its glacier source, 
was ten times as large Science 
World, Feb. 17 issue). 

Each treacherous berg which passes 
Newfoundland could easily sink a ship. 
Yet the berg’s days are numbered. The 
warm waters of the Gulf Stream will 
melt it down in a week or ten days. 

All icebergs, from those ten times the 
size of the Empire State Building to 
tiny originate in the 
glacier-capped barrens of the Arctic or 
the west coast of Greenland. Icebergs 
are born where glaciers meet the sea. 
Huge slabs of ice crack off from the 
glaciers with a roar heard for miles. 

Once born, the floating mountains of 
ice begin an 1,800 mile, two-to-three- 
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Martin Co. photo 
Russian thermoelectric converter, mount- 
ed on kerosene lamp, converts heat to 
electricity for radio sets in Siberia. 
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year journey to the Grand Banks. They 
travel about ten miles per day, moved 
at random by winds and water currents. 
Of the 20,000 bergs that set out on 
the voyage each year, thousands are 
grounded in Greenland bays or trapped 
by Arctic islands. Others pile up on the 
northern shore of Newfoundland. 

All icebergs near the Grand Banks 
are closely watched by the Internation- 
al Ice Patrol, administered by the U. S. 
Coast Guard. The patrol was created 
in 1914, two years after the “unsink- 
able” ship Titanic was sunk by an ice- 
berg with a loss of 1,513 lives. Sixteen 
nations contribute toward the patrol’s 
upkeep. Since the patrol was founded, 
no fatal iceberg collisions have occurred 
in the area patrolled. 

The Ice Patrol occasionally attempts 
to destroy an iceberg with explosives, 
for smaller pieces melt more quickly. 
It would take the heat given off by 
more than 2,000,000 gallons of burn- 
ing gasoline to melt the whole of an 
average size iceberg. 

Boarding an iceberg to place a dyna- 
mite charge is extremely dangerous. A 
floating berg in the Grand Banks area 
turns over several times a day. 
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News Particles 


Space Tantrums 


The loneliness, boredom, discomfort, 
and danger of an extended journey in 
space may drive astronauts mad, ac- 
cording to a recent report. Crewmen 
may lose their ability to tell fact from 
fantasy. The over-all effect may be 
similar to brainwashing. The first space 
crew will probably include a_psychi- 
atrist to keep the astronauts’ minds 
from drifting into outer (But 
who will monitor the mind of the psy- 
chiatrist? ) 


space. 


Sea Apes 


Apes that learned to swim a million 
years been the 
fathers” of the human race. This theory, 
put forth by an Oxford University 
zoologist, suggests that apes were once 
forced to hunt in the sea for food be- 
cause of fierce competition on land. 
After some 500,000 years in the sea, 
the swimming apes lost their hair, their 
hands lengthened, their legs 
straightened as their bodies were sup- 
ported by the sea water. The theory dif- 
fers from other evolutionary theories in 


ago may have “fore- 
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Minneapolis- Honeywell Co 
Slowly revolving globe of Earth in space capsule instrument 
will act as artificial ‘‘window,”’ show astronaut seas, cities, 
countries below him for navigation during return to Earth. 


stating that man evolved in the sea, 
and not on land. According to its au- 
thor, this might explain why people 
love to go to the seashore. 


Hunt Lost Cities 


Four American amateur archeologists 
and skin divers are seeking the Biblical 
cities of Sodom and Gomorrah beneath 
the waters of the Dead Sea. So far they 
have found evidence of ruins on the sea 
bottom, including traces of a 12-foot 
wide road. According to the Bible, 
Sodom and Gomorrah were destroyed 
by fire, along with three other cities- 


Zboiim, Zoar, and Admah. 


Stitch in Time 


The Interstate 
sion has called “time out” in a 10-yea 
battle between city folk and country 
folk in eastern Kentucky and Tennessee. 
City folk from Louisville, Ky., Nash- 
ville, Tenn., and Indianapolis, Ind., 
wanted to shift from Central Time to 
Eastern Standard Time to be in step 
with fellow businessmen in eastern 
cities. Country folk were against the 
shift, which would require farmers to 
work in the heavy dew of the morning. 
The I. C. C. finally settled the case in 
favor of the city folk, putting the eastern 
half of Kentucky and northern Ten- 
nessee on Eastern Standard Time. 


Commerce Commis- 


Wide World phot 


Cage for ‘spin tests’’ can turn and twist in all directions, 
measures astronaut’s control over pitch, roll, yaw of space 
capsule. Cage is spun by spurts of nitrogen from jet motors. 
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Solar Shift 

The angle at which the ravs of the 
sun strike the earth varies from dav to 
day. To ascertain this daily shift, set 
up the experiment shown in the figure 
above. If you do not have a large pro- 
tractor, place a piece of cardboard in 
the position shown for the protractor 
and the table top 
along one side of the beam of light. 
The angle that this line makes with the 


draw a line from 


bottom of the cardboard can be meas- 
ured with a small protractor. This ex- 
periment should be done once a week 
over a period of several months. The 
angle should be measured at exactly 
the same time cach day. Record the 
results in a table of two columns: date 


and angle. 





Testing Insulators 

The primary purpose of using insu- 
lating materials is to prevent loss of 
heat. To test the ability of insulators 
to prevent such loss we shall need to 
place equal thicknesses of each insu- 
Jator around some hot object, and meas- 
sure the time it takes to cool a given 
number of degrees. The diagram below 
shows a method of doing this. To get 
a fair different 
insulators packed with equal tightness 
the bottle, the 
same quantity of water each time and 
its initial temperature must be the 
same. Start the experiment with water 
at 120° F. Let it cool to 80° F, and 
measure the time needed for it to cool 
amount. With 
several insulators can be studied. 


comparison between 


around vou must use 


this several containers, 
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Can you develop an experiment to veri- 
fy a scientific principle? Sometimes a very 
simple apparatus setup can give you at 
least a qualitative verification of the prin- 
ciple. Here are several such experiments 
which you might want to try for yourself. 
They require only a minimum of equip- 
ment and are simple to perform. | 








Movement of Heated Water 

Heat 
warmer air, by expanding and becom- 
ing lighter, tends to move upward when 


enables air to move because 


surrounded by cooler air. The same 
phenomenon takes place in liquids. 
Warmed water floats in cool water 


because it is lighter. Pour hot water 
into the small flask. Color this water 
with red ink. When the flask is com- 
pletely filled with hot water insert the 
stopper with the two glass tubes as 
shown above. The two glass tubes are 
the same length, but one dips to the 
bottom of the flask while the other 
starts near the top. Using a string tied 
around the neck of the flask, lower it 
into a tank of cold water. After a few 
minutes you will notice that the colored 
water leaves the flask through the high- 
er of the two tubes, forming a layer 
on top of the cold water. The cold 
water, on the other hand, enters the 
flask through the lower tube, completely 
displacing the colored water, Cold ait 
displaces hot in the same way. 








Persistence of Vision 

lo demonstrate the interesting effect 
of persistence of vision giving rise to 
the illusion of motion, try the following: 
Cut a piece of tmlined paper to about 
MARCH 


16, 1960 


O FIG] 


Ll FI6.2 


ne 


3 by 6 inches. Fold in half like a book 
as shown above. About an inch in from 
the unfolded edge draw figure 1. Open 
the paper and in a similar place draw 
> 


figure 2 on the lower paper. When the 


paper is refolded, each drawing should 
be directly above the other. Now lay 
a pencil along the top edge of the up- 
per leaf and roll the leaf tightly onto 
the pencil so that when the pencil is 
removed, the upper half of the paper 
will roll down to the fold by itself. 
Now move the pencil rapidly back and 
forth in the upper roll of the paper so 
that it opens and closes. As you do this, 
the figure will appear to be running. The 
same principle is used in animated car- 
toons, a series of drawings creating the 
illusion of motion. 





































today’s scientists 


Dr. B. F. Skinner 
Pigeons, Ping Pong 


Dr. Skinner prepares pigeon for experiment in Skinner box. 


Pigeon must peck at lighted disc 10 times 
in succession to be rewarded with food. 





and Psychology 


At Harvard Psychological Laboratory, 


HY do animals behave as they 
do? 

Men have been puzzled by this ques- 
tion for centuries. But how could they 
measure animal behavior? What are its 
basic units? Indeed, what are the basic 
forces that determine behavior patterns? 

At the Harvard University Psycho- 
logical Laboratory, Dr. B. F. Skinnei 
and his associates are using a flock of 
pigeons and a remarkable experimental 
device to find answers to these ques- 
tions. The chief interest of Dr. Skinner, 
widely known for his work in experi- 
mental psychology, has been the ex- 
ploration of behavior phenomena, to 
establish an objective science of be- 
havior. 

When Dr. Skinner began his studies 
more than two decades ago, laboratory 
techniques in this field were extremely 
complex. One of his first projects was 
investigation of the feeding behavior 
of the rat, For these experiments Dr. 
Skinner wanted a simple, easy to con- 
trol device in which the rat would have 
to carry out an uncomplicated pattern 
of behavior in order to get its food. He 



























Photos from CBS-Conquest 


Pigeon will tend to repeat task if it is reinforced—rewarded with food—each time. 





designed and built a box large enough 
to hold a rat comfortably, which con- 
tained a lever and a tray on one side 
These were connected to a containet 
of food pellets attached to the outsid 
of the box, so that pressure on_ the 
lever released a food pellet. 

After depriving a rat of food fo 
several days, Dr. Skinner placed the 
hungry animal in this “do it yourself” 
box, and began teaching it to press the 
lever for food. This was accomplished 
in stages. First the rat was given a food 
pellet whenever it came near the tray. 
Then the food was received by the rat 
only when it actually touched the 
lever. Finally, the rat received food 
only when it pressed the lever. Within 
a relatively short time the rat was able 
to obtain food for itself by pressing 
the lever whenever it was hungry. As 
the rat was rewarded with food, it in- 
creased the number of times it pressed 
the lever. In some rats the increase in 
response frequency rose from five to 
100 times. This rate of response pro- 
vided a measure of the feeding be- 
havior. 

One day the lever broke. Although 
the rat pressed the lever repeatedly, no 
food was forthcoming. Dr. Skinner’s 
first reaction was to repair the lever. 
On reflecting, he decided that this 
offered a new situation. Instead of fix- 
ing the lever, he determined to study 
the behavior of the rat in this new 
situation. Now he noticed that each 
time the rat did not receive food a 
longer time elapsed before it pressed 
the lever again. Finally the rat stopped 
pressing altogether. 

From these observations, Dr. Skin- 
ner concluded that he had developed 
more than a device with which to study 
feeding behavior. More important, he 
had designed an ingenious device for 
studying many types of behavior. 

He built a number of these special 
boxes, which now are known as “Skinner 
boxes,” and began experiments on vari- 

(Continued on page 36) 
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PROJECT: Study of a Gene Mutation 


Causing White Eye in Droso, 


STUDENT: VANCE STRAUSBURG 
SCIENCE ACHIEVEMENT AWARDS WINNER 


[What is it that leads scientists to 
make discoveries? Sometimes it is pure 
chance—but more often chance plus a 
happy combination of sharp eye and 
inquiring mind. 

It is second nature for the scientist 
to be observant when he is engaged in 
his work. His training in the strategy 
of science and his thorough knowledge 
of his subject matter—started in school 
and college and kept up to date by con- 
stant reading—all help to sharpen his 
perception. 

Although the scientist may not be 
any more quick than’ the rest of us to 
notice that his wife is wearing her hair 
differently or that the dishes need wash- 
ing and the lawn needs mowing, his 
eye is sensitive to the slightest irregu- 
larity in the data gathered in his scien- 
tific work. His mind—quick as his eve— 
asks, “Here is something difterent— 
why should it be?” 

What part does chance play then? 
Chance is the intervening “variable”— 
the unaccountable combination of cir- 
cumstances that brings together the sci- 
entist and the 
the usual. 


event that differs from 


Strausburg had been breed- 
ing fruit flies and studying their hered- 
ity for two years. One day in early 
November 1958 Vance was examining 
his culture of wild type flies (the red- 
eyed flies found in fruit markets from 
which all the carefully bred and pedi- 
greed stocks used in research have 
mutated). On that day he noticed 
among the wild type flies a single male 
that had a different characteristic—one 
that didn’t seem to belong in that par- 
ticular culture—a fly with white eyes. 

“As I looked at the white-eyed male 
ly,” reports Vance, “I couldn’t explain 
it, nor did I understand what type of 
gene or what circumstances had caused 
this mutation. I was sure of one thing 
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—this particular fly did not belong in my 


culture of wild type flies. 

“A mutation causing white eve had 
been reported by Dr. Thomas Hunt 
Morgan, and I knew that it is possible 


to buy white-eved stock for experi- 
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Life, by Simpson, Pittendrigh, and Tiffany (Harcourt) 
When a pure red-eyed fly is mated with 
a white-eyed fly, all offspring (F,) are 
red-eyed. White gene is still present, and 
expressed in offspring of next mating (F.). 
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mental work in high school and college. 
1 wondered if the white-eyed fly was 
really a mutation or the result of some 
environmental cause? If it was a muta- 
tion, was it the same 


as the one Morgan 
had discovered o1 


was it different? I 
immediately felt that this Hy would pro- 
vide me with a good science project.”] 


VANCE’S PROJECT 


The white-eved male fly was taken 
from the stock and examined. Except 
for eye color, he appeared perfectly 
normal. 

The next step was to plan some ex- 
periments to determine the nature of 
this mutation. I mated this fly with a 
female from pure red (not wild) stock 
n order to obtain an F; 
(The designation F 


veneration. 
stands for filial— 
sons and daughters. 

When the flies hatched, all the Fi 
veneration. both the males and females 
had red eves. There was no sign what- 
soever of the I was able to 
draw some tentative conclusions. 


white eve. 


1. The white eve may have been the 
result of an environmental cause, 

2. If the white eve was caused by a 
mutant gene, the gene is recessive. 
3. The gene for white might be sex 
linked, as was the one discovered by 
Morgan. If so it will show up in the 
males of the Fe generation. 

My next step was to obtain an F: 
generation by mating several pairs of 
Hies trom the ] After two 


weeks, my F: flies emerged from their 


generation. 


pupal cases. This time I had some posi- 
tive results: Three fourths of the Fs 
generation were red eyed and this in- 
cluded all of the female flies; one fourth 
showed the white mutation. Thus ap- 
proximately one half of the flies were 
red-eyed females, whereas the males 
were equally divided between red- and 
white-eyed types. 
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I was now reasonably sure that the 
white-eyed fly was caused by a sex- 
linked recessive gene. (A sex-linked gene 
is carried on that part of the X chromo- 
some which has no corresponding part 
on the Y chromosome. Female flies 
carry two X chromosomes, and males 
one X and one Y.) 

At this point I still did not know 
whether this mutation was caused by 
a “new” gene. The red-eyed flies in the 
F: generation appeared normal for this 
trait except for one difference I noticed 
by examining them closely. 

Among some of the red-eyed female 
flies, there seemed to be a shadow of dif- 
ference in eye color. One group of the 
female flies had very clear bright red 
eyes. In another group of females the 
eyes were fuzzy and not as bright. The 
red-eyed males had the same clear 
bright red eyes that the one group of 
females had. To my knowledge there 
was no law stating that there should 
be a difference in these F: eyes. For 
this reason the dullness seemed odd. 


Rechecking the Work 
In order to recheck my _ previous 
work, the F: and F: matings were re- 
peated. The results of the second series 
of matings were essentially the same. 
Both dullness and brightness were pres- 
ent in the same form. 
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{About 4,000 miles from where you 
are now sitting (3,963.5 miles if you 
happen to be on the Equator or a little 
less if you are at one of the poles), is 
the center of Planet Earth. About one 
quarter of a million miles away is the 
moon. And yet man will explore the 
surface of the moon long before he has 
a clear picture of the nature of the ma- 
terials and events occurring only a few 
miles beneath the Earth’s crust. 

We can look up or out from Earth’s 
surface and observe events that are 
taking place on the sun 93,000,000 
miles away. Looking down toward the 
center of our planet, vision ends at our 
feet. We cannot see one inch into the 
Earth. 

The only way to see more is to dig a 





I knew from my studies in genetics 
that in the F: generation approximately 
one half of the females would be pure 
red-eye and one-half would be hybrid. 
I also knew that the red-eyed males 
were pure. I drew the following con- 
clusion: females with the bright red 
eyes were pure, and the dull-eyed fe- 
males were hybrids, The way to test 
my theory was to mate bright- and dull- 
eyed females with my mutation. 

When these two matings hatched 
and diagnosis was completed, there was 
evidence that my theory was correct. 
In the mating of the bright red-eyed 
flies with the white-eved flies all of the 
offspring had red eyes—one half of them 
dull. In the opposite mating, when I 
used dull red eyes with white eyes, ap- 
proximately one half of the flies con- 
tained red eyes, and the others were 
white-eyed. Both females 
had red and white eyes. All the red- 
eyed females had the dull eye, all red- 
eyed males were bright-eyed. 

With all of the facts recorded, I be- 
lieved that I had a new and different 
white mutation. There was one more 
test to be made before I could be sure. 

I purchased a culture of white-eyed 
flies of the standard (Morgan) type. 
When these flies were bred with pure 
red-eved stock and the F: generation 
examined, no dull red-eyed types were 
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hole. There are some good sized holes 
around. Nature has provided the Grand 
Canyon and a few other gorges that 
permit us to see about a mile into the 
crustal rocks. Enterprising hole diggers 
searching for oil and minerals have 
penetrated about four miles into Earth. 
And now scientists are planning a hole 
more than 35,000 feet deep to -pene- 
trate the rock mantle directly under the 
crust. The Mohole (see Science World, 
Sept. 9, 1959) will be drilled in the 
floor of the ocean, where the crust is 
thinnest. From all the available data, 
scientists will have direct information of 
about 7/4000ths of the way to the cen- 
ter of Earth. 

But there are other ways of obtaining 
accurate information. The careful and 


found. Thus I demonstrated that when 
using the standard white-eyed types it 
was impossible to tell the difference 
between pure red-eyed flies and_hy- 
brids. When the same cross was made 
with the descendents of the white male 
I had found, it was possible to distin- 
guish between pure and hybrid red- 
eyed flies by examining them. : 

My conclusion: I had found a new! 
mutation, different from the one that 
Morgan found, This gene in the pres- 
ence of red shows incomplete domi- 
nance (a blending rather than masking 
of characters). 


Vance’s Methods 


Drosophila melanogaster is found on 
different types of — fruits—especially 
those which have begun to ferment. In 
fact, the flies may be raised on any 
fermenting medium. All of my _ flies 
were bred and raised in half-pint milk 
bottles on a medium containing water, 
agar, molasses, cornmeal, oatmeal, mold 
inhibitor, and yeast. 

To examine the flies and pick them 
out for mating, they must be tempo- 
rarily anesthetized with ether. 

After counting the flies, the next step . 
is to diagnose the results. This is where 
my background studies came in handy. 
Had I not been able to interpret my 
results I would have learned very little. 
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detailed analysis of the records of vol- f 
canoes and earthquakes, such as the one 
occurring in Morocco late last month, 
vields much information about the ma- 
terials and forces beneath the surface. 
gained  con- 


aiid -_ 


The knowledge already 
vinces scientists that direct exploratio 
of the Earth’s mantle and core is most 
unlikely. The temperatures and_ pres 
sures prevailing just a few miles be- 
neath the surface are known to be s 
great that they would cause our most 
resistant structural materials to break 
down. Thus we must depend upon it- 
direct measurement. 

Late in the nineteenth century a 
instrument was designed to tell us mucl 
about the magnitude and duration 0 
the Earth’s crustal movements. It is the 
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Photo at left shows Diana’s seismograph set up in recording 
position. Note that fixed end of the horizontal pendulum is 
loosely supported in ‘‘dimple.’” When surface movements 


seismograph, invented in 1897 by an 
English scientist, John Milne. 

Using the recordings from seismo- 
graphic stations all over the world, sci- 
entists have found that the segments of 
the Earth’s crust often move in respect 
to each other. Seismographs record the 
tremors or waves which spread out from 
points of disturbance. The most sensi- 
tive ones can record the tiny tremors 
due to heavy traffic and the pounding of 
storm surf on a rocky shore. But these 
movements are insignificant when com- 
pared to the-heavings and _ slippages 
along cracks in the Earth’s crust and 
mantle that move thousands of cubic 
miles of rock with forces dwarfing the 
largest of man-made nuclear explosions. 

Although nuclear detonations may 
never cause disturbances anywhere near 
as large as those from earthquakes, they 
set up far-reaching wave motions. 

Underground nuclear explosions have 
proved to be especially fruitful in sug- 
gesting a new approach to the study 
of earthquakes. 

Scientists can plan experimental 
shocks. By studying the waves these 
produce in layers of the Earth’s crust 
with which they are familiar, these sci- 
entists can obtain a much better picture 
of the materials of our planet and how 
they are arranged. 

Diana Woodington became interested 
in seismographs and Earth waves when 
she visited her uncle, who is a seismolo- 
gist at the Lick Observatory in Califor- 
nia. Her project tells how she built a 
model seismograph and used it to make 
recordings. } 
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DIANA’‘S PROJECT 

My research project was to construct 
a seismograph and make records of vi- 
brations, and answer these questions: 

1. With the kind of seismograph | 
can build, what kind of vibrations can 
I record? 

2. What will be the limitations of my 
seismograph? 

3. Are the conditions under which I 
am using the seismograph satisfactory? 

4. How can I improve my machine, 
and the conditions for using it? 

I started my project by building a 
simple seismograph. My seismograph 
uses the principle of the horizontal pen- 
dulum. The method of construction is 
shown in the pictures of my project. 
The principle involved is to support one 
end of the horizontal pendulum in a 
loose socket called a dimple, so that the 
other end can move freely. 

Near the free end of the pendulum I 
attached a steel weight. This steel 
weight increases the inertia of the pen- 
dulum and makes it lag behind the sup- 
port, which is moved when activated by 
vibrations of the earth or surface it is 
resting upon. The change in the posi- 
tions between the support and pendu- 
lum, when recorded, show movement 
of the surface upon which they rest. 
Also on the bottom of the pendulum are 
two one-and-one-half-volt batteries to 
supply the heat pointer with current 
for etching. 

The heat pointer is a piece of resist- 
ance wire fastened to a square of Bake- 
lite cemented to the swinging end of 


change relative positions of support and pendulum, record is 
etched on chart. Detail of chart and heating pointer are at right. 
In later model Diana substituted transformer for batteries. 


the pendulum bar. Its purpose is to etch 
a recording on a paper chart. The paper, 
which has powdered ink in it, is rubber- 
cemented onto an aluminum disk at- 
tached to the shaft of an electric clock. 

When the seismograph and recorder 
were finished, I placed them on a table 
in the kitchen. I first tried recording with 
the disk fastened to the second hand. 
It traveled too fast. Because it took only 
one minute to make a revolution the 
recorded vibration appeared flat. 

Next I made a disk to fit the minute 
hand (one hour revolution). This gave 
a good record of the vibrations made by 
someone walking in the kitchen, closing 
the door, and opening and closing the 
refrigerator door. 

I then moved the seismograph up- 
stairs to see if I could record vibrations, 
such as trucks or snowplows going by 
on the road. For this trial I put on a 
disk that fitted the hour hand position 
on the shaft. Since this disk would re- 
volve only once every twelve hours, I did 
not need to change the chart as often. 
The vibrations from the street were not 
strong enough to record. Since our house 
is located on sand and gravel, vibrations 
are not transmitted well. 


Picking Up Street Noises 


I also placed the seismograph on the 
concrete floor of the basement. Because 
the ground was frozen I expected to 
pick up truck and traffic vibrations from 
the street. However, I did not get any 
vibrations. 

I also tried without any success to 
pick up traffic vibrations by placing the 
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seismograph in the dining room toward 
the street. 

In making the records, I found that 
the twelve-hour record used up most of 
the current from the one-and-one-half- 
volt dry cells. I decided to use some less 
expensive way to heat the pointer. I 
hooked a transformer on the seismo- 
graph base and wired it to the heating 
pointer. The stepped down current 
worked well and I didn’t have to re- 
place batteries so frequently. 


Cake Pan for Chart 


The aluminum disks I used at first 
were not perfectly flat, and sometimes 
did not touch the pointer. I bought an 
eight-inch round aluminum cake pan 
and cut off some of the rim. This made 
a perfect surface for the chart paper. 

In doing my project, I discovered that 
there is a relation between the period of 
movement of the wave and the period 
of a pendulum, which determines the 
movement of the pendulum. This infor- 
mation will be used in my next seismo- 
graph, which will include these features: 

1. Pendulum period of ten seconds. 

2. Accurate timing recorder with time 
units shown. 

3. Damping device on the pendulum. 

4, Solid base under the seismograph, 
to be located in basement. 

When I was experimenting with the 
recording, | read numerous books and 
found out the principles and facts about 
waves and vibrations. I also found the 
formula for determining the period of 
a pendulum. From this I could figure 
the period of my seismograph. 





Chart is record made by Diana’s seismograph between 4:30 and 10:00 p.m. Seismo- 
graph was set up in kitchen on table. Vibrations were recorded of kitchen activities. 
The jagged lines show vibrations from dish washing, doors opening and closing, and 
Diana’s mother baking a cake. Smooth line at upper right was made while Diana and 
family were in dining room eating cake. Each circle represents one hour of activity. 
When circle was completed Diana moved disk to start new circle. Paper disk is im- 
pregnated with powdered ink. Heated pointer brings ink to surface, etches record. 





Adaptation 


(Continued from page 12) 


The principal method by which the 
human organism loses excess heat is by 
sweating. When sweat, a liquid, evapo- 
rates, the heat required to bring about 
this change of state is drawn from the 
body. Thus a cooling effect is achieved. 
A man who cannot lose heat by cooling 
his body with evaporating sweat may 
accumulate too much body heat and 
collapse. 

By studying humans at work and 
under experimental heat strain, scien- 
tists may be able to classify men ac- 
cording to their ability to resist heat 
stress. Such information would be in- 
valuable to the Armed Forces and to 
those selecting crews for space explor- 
ation. 

Dr. Paul T. Baker of Pennsylvania 
State University has completed re- 
search on biological adaptation of man 
to deserts. In Dr. Baker's study, pulse 


rates, sweat losses, body temperatures, 
and heat strokes were used as indica- 
tors of heat endurance. 

Dr. Baker’s research suggests that 
most of man’s ability to withstand heat 
may be inherited. 

In spite of hereditary limits, 
does have a range of adaptability. For 
example, most of us can adjust to a 
summer hot spell. The process of ad- 
justment to heat—acclimatization—was 
studied by Dr. Bass and other scien- 
tists. Thev. found soldiers could be ac- 
climatized to working 14 hours a day 
in temperatures varying from 100 de- 
to 120 degrees F. 


man 


grees F. 
Man—All Climate Organism 


Sweating increased during the first 
week and remained constant after that, 
but the sweat was less salty, thus saving 
important minerals of the body. The 
kidneys also played an important role 
in saving salts for body use. The urine 
was less concentrated than it would 
have been normally. Dr. Bass reported 


that the human organism seems to re- 
spond as a unit to heat stress. Thus 
man is enabled to adapt to a desert 
environment. 

The snowshoe rabbit, the shrew, 
moose, and camel are successful in 
performing the tasks of their specialized 
environments. This success is due to 
structural and physiological adapta- 
tions brought about by evolutionary 
change. In the same way, the char- 
acteristics of earliest man may have 
been developed in response to evolu- 
tionary change. But with the coming of 
language and the power to think and 
pass his thoughts on to others, man has 
become a generally adapted organism 
through sheer brain power—the onl) 
animal that can deliberately adapt. 

Man does not seem to be specialized 
for any environment. His freedom from 
special adaptations—together with _ his 
evolutionary legacies, especially his 
brain and the hands—permit us to hope 
man can explore and adapt to environ- 
ments still unknown. 
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BRAIN TEASERS 





Down the Chimney 
A man brought a friend to his house, 

but found that he had forgotten his 
key and was locked out. The only way 
to enter the house was through the 
chimney. The two men went down the 
chimney, one after the other. When 
they reached the bottom, they looked 
at each other. One man’s face was 
black with soot, while the other man’s 
face was clean. Without saying a word, 
the man with the clean face went to 
wash his face, while the man with the 
dirty face did nothing. Can you ex- 
plain it? 

Linda Britt 

Junior H.S. 51 

Brooklyn, New York 
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Early Bird 
Mr. Smith’s commuter train always 
arrived at the station right on time, at 
3:58. At that time his chauffeur would 
promptly drive up beside the train, and 
Mr. Smith would ride home. One day 
Mr. Smith caught an earlier train which 
pulled into the station at 5:01. Know- 
ing that his chauffeur had not arrived, 
he started to walk home. Just as he 
was walking by the cemetery he met 
his chauffeur driving to the station to 
pick him up. The chauffeur turned the 
car around and drove Mr. Smith home, 
where they arrived 19 minutes earlier 
than usual. How many minutes did 
Mr. Smith walk before his chauffeur 
picked him up? 
Richard Keys 
Birmingham, Michigan 
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swered “Ompha!” The second native 
then spoke up and said, “He said ‘yes’ 
but he’s a liar!” After a little 
thought, the explorer figured out to 
which tribe each belonged. Can you? 
Rod Sward 
Lake Washington Sr. H.S. 
Kirkland, Washington 
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Mutiny in Panama 
A cargo ship carrying scrap iron was 
Hoating in a watertight lock of the 
Panama Canal. The crewmen were 
angry at the captain because they had 
not been allowed ashore for many 
months. The crew mutinied and threw 
the scrap iron cargo overboard. Did the 
water level in the lock rise, did it 
descend, or did it remain the same? 
John Day 
Winslow (Arizona) H. S. 
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Who's the Liar? 

An explorer was traveling through 
a primitive jungle inhabited by two 
native tribes. The members of one tribe 
always told the truth, and the members 
of the other tribe always lied. While 
walking through the jungle, the ex- 
plorer met two natives. He asked one 
of the natives, “Are you a member of 
the truth-telling tribe?” The native an- 
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Tick-Tock 
A man has two clocks. One doesn’t 
run at all, and one loses an hour a day. 
Which clock will most often show the 
correct time? 
Michael Kaufman 
El Paso, Texas 
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Send in Your Favorite Brain Teaser 

You surely have a favorite brain teaser 
that you would like to share with other 
readers. Send the brain teaser together 
with the solution, to Science World, 33 
West 42nd Street, New York 36, N. Y. 
We will pay $5 for every brain teaser 
published. Include the name of your 
school, home address, and age. 
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Pigeons, Ping Pong 


(Continued from page 30) 


ous patterns of behavior. His early 
studies were conducted with rats, but 
Dr. Skinner soon decided to use pigeons 
instead, They per- 
forming a wider variety of more com- 
plex tasks. Furthermore, the pigeon’s 
life span is much longer than that of 
the rat, permitting the same animal to 
be studied experimentally over a longer 


were capable of 


period of time. 
Learning the Conditioned Response 


Instead of pressing a the 
pigeons were taught to peck at a disc 
on the wall of the box to receive food. 
When the pigeons had learned this be- 
havior pattern, Dr. Skinner proceeded 
to teach them increasingly complex 
patterns. Whenever a_ pigeon per- 
formed a task set by Dr. Skinner, it 
received food. By this tech- 
nique, Dr, Skinner and his associates 
taught pigeons to distinguish between 
colors or shapes, to peck at discs at 
varying rates of speed, to respond to 
various certain strains of 
music, to play toy pianos, and even to 
play ping pong with each other. 

“However, we weren't interested in 
behavior because it was amusing or 
dramatic,” explains Dr. Skinner. “We 
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Teaching machine devised by Dr. Skinner 
uses principle of learning by reinforce- 
ment. By being rewarded with correct 
answers student is encouraged to learn. 


wanted to study its causes and find out 
how to change it.” 

From these extended studies Dr. 
Skinner was able to formulate a num- 
ber of theories about behavior. At the 
heart of all behavior, he asserts, is the 
learning of conditioned responses. A 
conditioned response is achieved when 
an act is performed at the same time 
that a specific stimulus is received. 
When this is repeated often enough the 
act and the stimulus become associated. 
Thus a dog can be taught to associate 
the snapping of your fingers with food. 
Conditioning is brought about through 
a process which Dr. Skinner calls “re- 
inforcement.” 

“Reinforcement is what is usually 
known as reward,” Dr. Skinner. 
“The process works quite simply. What- 
ever the pigeon is doing when it is 
rewarded, it will tend to do again. 
When it is no longer rewarded for this 
action it will stop doing it.” The process 
by which conditioned responses are 
eliminated is called “extinction.” Ac- 
cording to Dr. Skinner, it is possible to 
find the laws that behavior. 
These laws can be explained in terms 
of reinforcement and extinction. 

Thus, to teach a pigeon to peck at 
a green disc rather than a red one, its 
choice of green must be reinforced with 
rewards of food. Extinction of this re- 
sponse will occur when the pigeon is 
no longer for pecking at 
green. 

In the same way, teaching a pigeon 
to play ping pong can be accomplished 
by rewarding it with food when it 
pecks a ball tossed at it. When two 
pigeons that have developed this re- 
sponse are placed together they will 
peck the ball at each other. But if each 
is rewarded only when the other pigeon 
misses the ball, both pigeons will soon 
learn to play a real game of ping pong. 


Says 


govern 


rewarded 


Changing Emotional Patterns 


Dr. Skinner has applied these ideas 
to even so complex a phenomenon as 
emotional behavior. Since pigeons are 
normally peaceful, Dr. Skinner theo- 
rized that if he could condition them to 
fight he could demonstrate that even 
emotional can be learned 
through conditioning. He placed two 
pigeons in a cage and conditioned one 
to peck at the other by rewarding it 
with food whenever it did so, Then he 
conditioned the pigeon to peck only 
when a green light was turned on. The 
pigeon learned to attack quite 
viciously when the light was green. As 
soon as the green light was turned off, 
the pigeon stopped fighting. From this 
and similar studies, Dr. Skinner came 
to the that 
sponses, like other patterns of behavior, 


responses 


soon 


conclusion emotional re- 


could be learned by reinforcement, 

In applying his reinforcement theory 
to human learning, Dr. Skinner has de- 
veloped an unusual teaching device 
which he calls a “self-instruction ma- 
chine.” Using the same principles as 
the “Skinner box,” this device 
sists of a box to which a lever is at- 
tached. A roll of paper inside the box 
contains a series of questions with an- 
swers for each question. At the top of 
the box is a transparent glass opening 
through which each question is visible 


COn- 


in turn. 


Learning by Machine 


In using the self-instruction machine 
the student presses the lever. As a ques- 
tion appears he writes his answer in a 
space provided. He then presses the 
lever again. His answer moves behind 
a window where it can’t be changed, 
At the same time the correct answer 
appears. He goes through all the ques- 
tions, one after the other. Each new 
question is based on the preceding 
one, and requires just a little bit more 
information. Thus, although he may be 
dealing with unfamiliar material, the 
student has almost no difficulty answer- 
ing the questions correctly. If he makes 
mistakes the first time around, the stu- 
dent will probably be able to answer 
the questions correctly the second time 
-for his mistakes have already been 
pointed out. 

Each student progresses at his own 
rate of speed, but the progress is steady 
and the student is encouraged to con- 
tinue, His learning is reinforced by his 
success in terms of correct answers. “The 
student does not study before he comes 
to the machine,” explains Dr. Skinner. 
“The machine teaches him the whole 
story. With the machine he knows im- 
mediately whether he’s right or wrong. 
Our students report that they do this 
with no feeling of effort. They feel that 
there is no need to force themselves to 
study.” 

Dr... BF. 
and_ techniques 
modern psychological research, is one 
of the world’s best known experimental 
psychologists. Born in Susquehanna, 
Pa., 56 years ago, he was graduated 
from Hamilton College, in Clinton, 
New York, with a B.A. degree in 1926. 
Further study at Harvard earned him 
a Ph.D. in 1931, and research fellow- 
ships there for the next five years. He 
taught at the University of Minnesota 
and Indiana University before return- 
ing to Harvard. An amazingly versatile 
man, Dr. Skinner is the author of a 
number of books and is a frequent con- 
tributor to scientific and philosophical 
periodicals. 

All this keeps him extremely busy, 
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but he does manage to find time to 
attend theatres and concerts, and he 
and his wife are both members of a 
play-reading group. He is the father of 
two daughters—Julie, a student at Rad- 
cliff College, and Deborah, a_ high 
school student in Cambridge, Mass., 
where the family lives. 

Soft spoken and energetic, Dr. Skin- 
ner feels that his work has implications 
that can be applied to all organisms. 
“We don't have as much experimental 
evidence with human subjects as we 
have with pigeons,” he says, “but we 
do have a good deal of evidence. And 
the principles that have emerged from 
this kind of research apply remarkably 
well. Clinical psychology, experimental 
psychology, economics, political science 
and so on—all contribute to the total 
evidence that there are external causes 
of human behavior, which, in a sense, 
may explain the behavior.” 

—FRANCES GUDEMAN 


In the Next Issue 
Light Twisters—Fibers can bend light 
around corners and twist images. 
Living Clocks—A sense of time is a 
characteristic of many organisms. 
Mountains—Geologists are beginning 
to understand how mountains move. 


What happens fo you after High School? 


DID YOU KNOW that to attract Aero- 


nautical Engineers, Aircraft Companies are 
offering retirement programs, longer vaca- 
tions and other special benefits! 


DID YOU KNOW that the Aviation In- 


dustry is clamoring for Aeronautical Engi- 
neers? There are not enough to fill National 


requirements. 


DID YOU KNOW that Parks College 


graduates are in great demand .. . 31 years 
of experience in training young men for avia- 
tion is proof that Parks excells! 


p =Toroy .¢_Jot-3ba 


ROCKET MANUAL FOR AMA- 
TEURS, by Capt. Bertrand R. Brinley. 
Foreword by Willy Ley (Ballantine 
Books, 1960, 382 pp., 75¢). 

As Project Officer, First U. S. Army 
Amateur Program, Captain Brinley has 
advised thousands of amateur rocketeers 
in hundreds of clubs in the U. S, and 
in foreign countries. 

This handbook for safe procedures 
gives information about design, testing, 
preparation of fuels, and the firing of 
rockets which a student can make him- 
self. There are 85 illustrations, a sec- 
tion on rocket symbols and formulas, a 
glossary of missile terminology, as well 
as a bibliography. 

In the first paragraph, the author 
asks three important questions which 
he considers every student or group of 
students should answer honestly before 
embarking upon a project as potentially 
dangerous as rocket experimentation. 
The questions are: Why do you want 
to experiment with rockets? What do 
you hope to achieve by it? Are you 
willing to make the sacrifices and take 
the elaborate precautions necessary to 





DID YOU KNOW that at Parks you en- 


joy the advantage of obtaining a B.S. degree 
. you can 


in three years instead of four . . 
start your career sooner! 
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ensure the safety of yourself and others, 
and are you willing to abide by the 
law? 

Willy Ley, who has written some 
ten books on science, with special em- 
phasis on space, in the introduction to 
this handbook, also emphasizes safety. 
“Safety has to come first and last arid 
every quarter inch in between,” Willy 
“But those want to 
learn should be permitted to learn—in 
safety.” 


Ley writes. who 





Answers to Crossword Puzzle 
(See page 39) 
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DID YOU KNOW that Parks College 


was first to be accredited as an aviation school 
by the U. S. Government? Parks has fur- 
nished to the Aviation Industry more college 
graduates with B.S. degrees than any other 
aviation school in the nation. 


31 YEARS OF AVIATION EDUCATION 







COLLEGE 
SAINT LOUIS 
UNIVERSITY 


THE ULTIMATE IN AVIATION EDUCATION 


STUDENTS 
GET THIS BOOK FREE 


This attractive book shows how students live 
at Parks College. Its many pictures and 
interesting comments have made it one of 
the most outstanding View Books in the 
nation. It outlines the superior education 
you can obtain at Parks. Mail this coupon 
now — get this book without obligation. 


as 


PARKS COLLEGE OF SAINT LOUIS UNIVERSITY 
East St. Louis, Illinois 


Please send free View Book. | have checked the subjects | am 


interested in. 

0 Aeronautical Engineering C) Flight Courses 

0) Aircraft Maintenance Engineering) A & E Mechanic Course 
0 Aeronautical Administration ~~ Gl. Training Information 
0 Aeronautical Meteorology 
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“That's 
only supposed to be passengers.” 


what’s wrong! They’re 








How Fast Is Light? 
(Continued from page 16) 


one-mile-long steel tube on a California 
ranch. He put his mirrors inside, sealed 
the joints, and evacuated the air. Evacu- 
ation took 48 hours. Every time an ad- 
justment had to be made, the vacuum 
had to be broken and the long pumping 
process begun again. 

Michelson died in 1931, soon after 
beginning the experiment. His last sci- 
entific paper had exactly the same title 
as his first, published at Annapolis in 
1878: “On a Method of Measuring the 
Velocity of Light.” 

Michelson’s steel tube was wrecked 
by the Long Beach earthquake of 1933. 
It was the last Foucault mirror to be 
used for measuring the speed of light. 
By then the progress of science had 
brought out new methods of measur- 
ing the speed of light—methods more 
accurate than any Michelson devised. 

Michelson’s rotating mirror and Fou- 
cault’s spinning wheel both had _ the 
same limitation—they were mechanical 
light choppers which spun relatively 
slowly. This made long light paths 
necessary. 

A pair of German scientists decided 
to use an electronic light chopper, 
know as a Kerr cell. The Kerr cell is 
simply a glass cell containing a trans- 
parent liquid (usually nitrobenzine). 
When a voltage is applied on the liquid. 
it polarizes any light passing through 
it. A filter between the cell and the 
observer is opaque to the polarized 
light, but passes the unpolarized light. 

The Kerr cell reacts almost instanta- 
neously when voltage is applied. A high- 
frequency electrical oscillator (such as 
that used in radio transmitters) can 
activate a Kerr cell millions of times 
per second, enabling it to chop a beam 
of light into pulses only a few feet long. 
With this method, the time between 
light pulses can be measured to an 
accuracy of one part in ten million. Just 
before World War II, two teams of 
scientists working separately with Kerr 
cells measured the speed of light at 
299,768 299,776 kilometers per 
second. 


and 


Atomic Clock—New Instrument 

Ten years later, Stanford University 
physicists used a completely different 
method. They measured the velocity 
of radio waves, which have the same 
speed as light waves. 

But the most amazing measurements 
of the speed of light have been achieved 
by “tuning in” on the vibrations of 
atoms and molecules. The nitrogen 
atom in an ammonia molecule (NH:), 
for example, vibrates 23,870 times a 
second—the same frequency as_ high 


frequency radio waves. By measuring 
the number of vibrations, and knowing 
the type of molecule, physicists can 
calculate the speed of light. 

This vibration is more regular than 
the Earth’s spin on its axis, on which 
all our time measurements are based. 
It is so accurate that “atomic clocks” 
have been built, regulated by the vibra- 
tion of ammonia molecules or the spin 
of cesium atoms. 

An ammonia clock accurate to one 
part in 100 million has been built by 
the U. S. Bureau of Standards. In Eng- 
land, the National Physical Laboratory 
has built a clock regulated by the spin 
of cesium atoms, accurate to one part 
in one billion. Scientists at Columbia 
University have developed an atomic 
clock with an accuracy of one part in 
ten billion. This month the U. S. Bu- 
reau of Standards unveiled a cesium 
clock accurate to one second in 1,000 
years. 

Two Conflicting Measurements 
The fantastic accuracy of 
atomic clocks has given science 
and extremely accurate values for the 
speed of light. These new results, how- 
ever, have only compounded Com- 
mander Aslakson’s problem: Has_ the 

speed of light really changed? 

Most measurements done from 1905 
to 1941 agree very closely. Average 
figure for these experiments is 299,- 
776.5 kilometers per second. 

From 1940 to 1950, during and after 
World War II, no experiments were 
made. Most of the experiments per- 
formed since 1950 also agree very 
closely—but on a different figure. These 
measurements average 299,791.8 kilo- 
meters per second (186,282 miles per 
second). 

Did the speed of light actually in- 
crease 15.3 kilometers per second dur- 
ing the ten-year interval? If the speed 
of light is not constant, it could mean 
that Einstein’s theory of relativity is not 
absolutely correct. Or was there an error 
in one set of experiments? 

It is very unlikely that the same error 
was made in all the experiments. Many 
different measuring methods were used 
—based on the speed of light, of radio 
waves, or the vibration of atoms. 

In science, results that don’t agree 
are often the most interesting. A small 
discrepancy in measurement may lead 
to an important discovery—just as pre- 
cise measurement of atomic weights 
led to discovery of isotopes of the ele- 
ments. 

Perhaps even more accurate measure- 
ments with atomic clocks will turn up 
measurable changes in the speed of 
light. Proof of many theories hangs on 
the answer. 
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Through the Telescope 


By Richard Mullins, Bishop Fallon High, Buffalo, New York 


2 3.4 «COIS 6 7 8 9 
Students are invited to 
bmit original crossword 
pursios for publication 1 it 12 13 
in Science ere 
Each puzzle should be 
built around one topic 14 is 
in ceo 9 such as = 
tronomy, botany, geolo- 
= space, electronics, 16 17 18 
famous a = 
Maximum about 
aaa, of which at least 9 20 2i 22 23 
10 must be — to 
the theme. For each puz- 
tle published we will 24 26 26 
pay $10. Entries must in- 
clude symmetrical puzzle 
design, definitions, an- 28. 
swers on ge sheets, 
design with answers 
filled in, and statement 29. |30 32 133 [34 
by student a i 
tle is original an is 
own work. Keep a copy 5 36 37 
as puzzle cannot be re- 
turned. Give name, ad- 39 
dress, school, and grade. 
Address a Editor, 
Science World, 33 West 
42nd Street, New York 40 41 42 43 
36, New York. Answers 
to this puzzle are on 44 5 46 
page 37 
47 | 48 
° |. Pertaining to the moon. 2. Prefix which reverses meaning of 
. : Brahe, Danish astronomer verbs. 
of the 16th century. r rs as of a pen. 
aes : , : NOs is nitric ; 
bi, Me diterranean seaport in southeastern =, R, Sicklaesec, in te aueiieiiediies Chak 
France. ; 
> . : Is a ghint Star. 
12, Relating to the air. 6. A black viscous liquid. 
14. An offer of a price at an auction. ° 7. The Martian ___ is 687 days long. 
15. The lunar ‘crater Copernicus is the 8. Weep. 
center of a great system. 9, Element, Atomic no. 67 (symbol). 
°19. Scientists say the moon is an —____ 10 Re lating to the sun, ; 
e 13. Halley's , last seen in 1910. 
world. 16 C fe ie t 
3. Gain victory. 
9 Th: sm ; a2 iia “7 ' 
21. — = bs be arly 93 million miles. 17. Largest planet of the solar system. 
— the Earth. 18. Board of Health (abbr.). 
22. The atomic submarine Nautilus sailed 20. Radium (symbol). 
beneath the North 23. Behold! 
24. Hurried. °25. The Martian _____._ is almost equal 
27. The side of Mercury facing the sun to ours 
must be very oe 26. Shade of color. : 
o1 died : e 
8, Different. 29 Bright equatorial constellation. 
‘ ; ; 30. Rhode Island (abbr.). 
29. Metal is extracted from this. Si eerteng 
32. Association (abbr. ). 32. Public notices. 
35. The concentric system of 33. Specific gravity (abbr.). 
Saturn is composed of 3 major parts. °34. The Pleiades, stars in the constellation 
36. Conducted, guided. lfaurus, are known as the nc 
a7 . sisters. 
37. Rim. : : 
0. C 38. Our sun is a typical one. 
pagar °39. Northern constellation shaped like the 
42, Homonym for die. harp of Orpheus. 
44. Boast. 40. Skill or dexte rity. 
15. Mountain range in the U. S. S. R. be- 41. The conscious self, 
tween Europe and Asia. 12. Owed. 
*47. Pertaining to the stars. 43. Organ of hearing. 
°48. This planet and Venus are said to be 14. Bachelor of Science (abbr.), 
almost twins. 46. Lieutenant (abbr.). 
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* Starred words refer to astronomy. 













































































FOR “Young America’ 





THE 


~ SCIENCE 
MASTER” 


Microscope 


The only “Low Budget’ Micro- 

scope available with: 

@ Adjustable Mechanical Stage 

Achromatic Objectives 

Coarse and Fine Adjustments 

Shock Absorber to prevent accidental 

damage to lenses and slides 

Plane and Concave Mirror 

@ Disc Diaphragm for perfect control of 
light 

®@ Attractive Wooden Cabinet 

@ Magnifications up to 600X 


Priced at Only $29.50 


THE MOST SENSATIONAL VALUE EVER 
OFFERED IN AN INSTRUMENT WORTHY 
OF BEARING THE NAME “MICROSCOPE”. 
ORDER one today on money back basis 


¢ 
THE Kenctoope COMPANY 


836 Broadway 


New York 3, N. Y. 
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successful future in 
ELECTRICAL or 
MECHANICAL ENGINEERING 


This interesting pictorial book- 
let tells you how you can pre- 
pare for a dynamic career as an 
engineer or engineering techni- 
cian in the Age of Space. Look 
ahead to your future. Write for 
MSOE’s career booklet today. 


MILWAUKEE 


SCHOOL OF ENGINEERING 

Milwaukee, Wisconsin 

ep!. SW-360, 1025 N. Milwaukee St. 

Please send free Career Booklet. I'm 

interested in [] Mechanical Engineering 
C) Electrical Engineering. 





Name Age 
PLEASE PRINT 

Address 

City State 

High School 


Will Graduate (year) 
MS-149 




















Imagine a Scientist Taking You “Sightseeing” 








IMAGINE | A TELECOPE YOU 
CAN’T SEE THROUGH! But this 
48-inch Schmidt telescope is used 
only to PHOTOGRAPH the 
heavens. The man here is look- 
ing through a small telescope to 
guide the camera. 














YOU'LL BE THRILLED by the sight of ‘‘galaxies”’ or 
star clusters like this one. The number of these 
“island universes” is staggering. Once it was 
thought that the Milky Way (our own galaxy) 
was the entire universe. But now as many as a 
BILLION galaxies can be photographed through 
our largest telescopes! 


YOU'LL “VISIT” MT. PALOMAR 

OBSERVATORY and peer through IGNORANT MILLIONS WERE 

its giant 200-inch telescope. It TERRIFIED in 1910 at the sight 

weighs more than 500 tons yet of a large luminous globe in the 

is so perfectly balanced that a tiny sky, trailing a tong shining tail 

1/12 H.P. motor can move it easily. for thousands of miles. It was 
Halley's Comet, named after a 
famous British astronomer. In " 
1682 he had correctly predicted Cs 
that it would appear every 1 x 
years! 
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YOU GET ALL THIS FOR ONLY 10¢ 


Beautiful full-color prints [ z 
of wonders of THE - 
VERSE — meteor craters, “ | 
servatories, telescopes, eclipses, 
te. 








Why this generous offer? Simply to introduce you to the) 
SCIENCE PROGRAM — a simple and exciting new way ti 
understand and enjoy the scientific marvels all around us 












8.000-word illustrated al- | ' 
D bum — ———— with in- Sf ) fg mney being taken on a engineers . . . submarine com-| 
cea wk pone > vale te & “tour” of the universe, with manders...medical researcher 
mount the color prints. I an astronomer as your guide! ... nuclear physicists. 
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l FIND-A- , These monthly adventure 
© T AR YOU’LL DISCOVER that Ri . ve 2 

! 5 stars are great fiery jewels of Provide a new and ager ge 

| every imaginablecolor. YOU'LL 0 share the thrills o > 

i STARE at vast cosmic clouds seaatve numeaned, noc 

| . Stars that “pulse” like giant sheets of full-color photograph 

| 

| 

| 
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WHEEL — Point it 
North, turn circu- 
lar starchart 
wheel to align 
month and date 


with the hour, and h . © - clusters lik > 
it shows exact lo- earts....star clusters like our * ; 
cation of major Milky Way, shooting out arms oS Soe i inten 
constellations and of fire ...a star so heavy that ’ 


’ eens : tion, with spaces for mountinm 
suai fae sized chunk of it the pictures. (There will ofte 
wii : ; be interesting things-to-d 
‘hese are just a few thrills such as locating star constell:: 
that await you — in the fas- tions with the Find-a-Sta 


many stars 
Science Bul- 
letin: Special 
section of he 
monthly bulletin 
keeps you abreast 




















a cinating new Science Program Wheel included in the set shor 
; resentation o - thi ) 
IN ADDITION, if you de- - p Be on this page. 
! cide to continue, you will <i f VERSE. And it’s now yours for Hel Y in School, and 
{ receive — Free = ® pene- € ga ‘ l only 10¢ on this “get-ac- e Ps ouin oc oo ‘. 
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your albums se e ne oO ke 
° science easy and enjoyable. Yo 
I Dept sD ry son City, N. Y I Enjoy Monthly Adventures lessons come to life as the m# 
] — ape . a | Like These who are creating today’s spé 
Please rush me my intro- name , : age point out the exciting ne 
j| ductory Science Program Please Print Plainly) | Each month this new pro-_ behind the scenes in every ft 
package as described above. | gram takes you on a “guided of science. " 
| I enclose 10¢ to help cover address , — ” differ field You'll find plenty of ideas! 
shipping costs j tour” of a different fie extra-credit projects and it m 
! After examining this pack- of aaa oe bpd poser Wn spark an interest in a scientié 
| age, I will decide whether or City............... ; Zone } See eart and sky througn ee field which can lead to an ol 
not I wish to continue. If not, i eyes of the weather man, or the standing career. 
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| I do continue, you will send Stte.-------- +--+ | window of a bathysphere. An-  10¢ for Introductory Sample Bt 
me a new Science package Besant other time the chemist shows No obligation. If you are delight: 
| each month for only $1 plus atl ret t you metal that burns, gas that 2nd wish to continue, pay only 
shipping. I am not obligated (If You Are Under 16) . : ie » on plus shipping for each mon 
it : ou | pours. A biologist lets you look mi 
o take any minimum num- : pa scientific adventure. You 
| ber of packages, and I am ,S@me Offer in Canada, Address through his microscope at a ¢ancel at any time. Addte! 
ll tree to stop at any time. Guin Dad. Cocca sce ! living cell. On other ‘field SciENCE PROGRAM, Dept. 504 
L. ~j trips” your guides will be radio Garden City, N. Y. 








bE  __, 


MAR 











Elgeet went back to school, 
via a nation-wide survey, to learn from 


teachers of elementary science what features 





they considered most important in a 





microscope for teaching young pupils. 





Here they are—and you get them all in the 





amazing Elgeet-Olympus “MIC” 


Elementary Student-Teaching Microscope: 














® SHARP IMAGE 





@® SIMPLE OPERATION 





@® STURDY CONSTRUCTION 








@® SENSIBLE PRICE 
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Search Winners 
(Continued from page 4-T) 


ments to enrich the student’s knowledge 
and appreciation of science, or to whet 
the student’s scientific appetite? 

A.: I take a deep interest in their 
work, I am not an expert in all the 
topics the students select, hence I read 
up on their projects along with them. 
Often we share the reference 
material, most of which have to 
send for, either to the Traveling Library 
or the University Library at Madison, 
Wis. Once in a while we buy a book 
or obtain it through our own school 
library. Students are encouraged to 
visit industrial labs that do work on 
their topic. When they do visit the 
lab, they know exactly what they want 
to learn. Notebook reports of such in- 
formation become a reference for them 


same 
we 


and are used, 

Often, too, side projects arise and are 
tried. Students are encouraged to write 
for information to university professors 
who are specialists in the field. 

Q.: What personal help, if any, is 
given to the science-talented student. 

A.: I guide much of their reading. 
Sometimes it is merely an article that 
I point out. Little pieces of paper mark 





HOW TIMES 
HAVE CHANGED! 


Not so long ago you would have 
had to pay at least $250.00 for 
this excellent microscope— 


Today only $72.09 will bring this 
fine instrument to you on a fully 


guaranteed and money back 
basis, 
Definitely a must in every 


Science classroom. 
Magnifications up to 600X. 





Model #3. 


Write for Free Color Catalog. 
Quantity prices on request. 


THE Kemcteope COMPANY 


New York 3, N.Y. 
experience. 


836 Broadway 
Backed by 35 years 
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good articles in the magazines I would 
like to have them read, Sometimes ref- 
erence in class to an article in a science 
journal becomes a lead for more read- 
ing. Not all of my science students read 
as much as I would like to have them 
do, but at least some are made aware 
of current scientific explanations found 
in science magazines. Last year we had 
the privilege of being among_ the 
schools that books the 
Traveling High School Science Library 
sponsored by the American Association 
for the Advancement of Science and 
the National Science Foundation. The 
more scientifically inclined given 
the opportunity to participate in the 
Wisconsin Junior Academy of Science. 
In the past two years some also took 


received trom 


are 


part in a local science fair. 

Q.: Does the student have added op- 
portunity to use the school’s facilities— 
labs, library, etc.2 To what extent? 


A.: If projects are being worked in 
school, then the ones CONCE rned are 
given a particular place in the lab 


where they may do their work. In the 
past the fume hood was one such as- 
signed place. My demonstration table 
was another, the 
still another. The ends of ow 
tables the 
but they were used. Some projects are 


chemical room 
student 


spots, 


and 


became less choice 


carried out at the student’s home 


Q.: Do 


(persons, 


utilize re- 
sources industrial or 
tional facilities) to further knowledge, 


know-how, and interest of the students? 


you community 


educa- 


A.: Yes. Ida Riendl, a previous win 
ner, visited the cheese factories in our 
area. Ronald Gates visited the vinegar 
plants in Green Bay, Wis., and Mani- 
Wis. Bob Adler visited college 
labs to get information on his topics. 
The others had to get much of their in- 
formation through writing or obtaining 
reference material. To whom to write 


towoc, 


and where—these must come from cither 
the teacher or some person at a clinic 
obtained 


Bob 
] 


local clinic. A 


much 
lab 


interested in 


or a_ hospital. 
guidance from om 
technician there is keenly 
what students do to gain headway in 
science, and therefore is always willing 
to help out with suggestions or the loan 


of his books. 
Q.: What subjects do you teach? 


A.: Physics, chemistry, and mechani- 


cal draw mig. 


Q.: Are 
on the staff of 


other science teachers 
the school? If 


many and in which subjects do they 


there 


SO, how 


specialize? 
A.: Yes, 


who 


there is one other teacher, 


teaches biology and a= general 


science class. 


Q.: How large are your classes? 


A.: Physics classes—30 and 
classes). Mechanical Drawing—28 stu- 
dents (one class). Chemistry classes—_ | 
26 and 25 (2 classes). 


20 (2 § 


Q.: Where did you get your training 
in science? 
A.:; Almost all at Marquette Uni- 
versity. Some courses in science were } 
taken at De Paul University. Recently 
| have had the privilege of attending 
the NSF Science Institutes, one in chem- 
istry at Montana State College, Boze- 
man, Montana, and the other at Oak 
Ridge, Tenn. at the Nuclear Studies 
Institute. 


er 8 ae 


Q.: Do you recommend that would- 
be scientists have a well-rounded edu- 
cational background (humanities, Eng 
lish, religion, literature, history, etc.) 





in conjunction with science? 

A.: Yes, very definitely. 

Q.: For approximately how — long 
have you been teaching science? | 


A.: | have been teaching chemistry 


for 30 years and physics for 20 years. 
I have been teaching science at Colum- 
bus High School since 1951, when the 
schoo] instituted a four-year program 
Previously it had been a two-year school. 

Q.: What does science mean to you 
as a religious person? 

A.: It is a part of my work. My lite 
is dedicated to the teaching of youth 
the 


through which this service is rendered. 


and science is one of avenues 


ee 


Q.: Do your science students—other 
than the Search winners—maintain their § 
interest in science after graduation from 
Columbus High School? That is, do 
on to college, and do_ they 


they go 
major in one of the sciences? 

A.: Yes. For example, a number have 
become science teachers. Some are en- 
gineers. Others have 
X-ray and lab technicians, and pharma- 
cists. One is a biochemist. A few, still 


in college, are on their way to research 


become nurses, } 


in chemistry or physics. Several of my 
previous Science Talent Search Win 
ners have made A averages in college. | 


What Previous Winners Are Doing 


What has happened to Sister Mary 
Lauretta’s previous winners? 

Four are in college. One is in medical 
school at the University of Wisconsin ) 
where she is also doing cancer research 
Al] the others are majoring in science 








two in chemistry, one in biochemistry 
and one in physics. Four of the prev 
ous winners ranked first in their respet 
tive graduating classes (of about 100) 
it Columbus High School. The fift! 
winner ranked second. 

World salutes Sister Mar 
Lauretta—and the students and alumni 
of Columbus High School. 
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Diamond D Laboratory Glassware 
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Don’t Shortchange The Student! 


The school and college laboratory is the training ground for budding 
scientists. It is in school that they learn the fundamentals which they carry 
throughout their entire lives. It is in school that they formulate the thought 
processes which they put to good use in the years following graduation. 


Because of the importance of this training, no school or college will offer 
students an inferior textbook or an incompetent instructor. The best is none 
too good for the scientist of tomorrow! 


Similarly . . . the best in laboratory equipment is none too good for 
today’s scientific student. Unfortunately, there is available in this field, 
laboratory glassware which is known as the “second”, or “school” grade of 
well-known manufacturers. 


Don’t cheat your students of the opportunity to work with the best 
available laboratory glassware . . . especially when you can buy it cheaper 
than some of the “inferior” grades. Specify Diamond D and be sure of the 
best. For the complete story of Diamond D manufacture write today for 
our booklet “Behind The Diamond D” Doerr Glass Company, Vineland, N.J. 


OL’ NANTUCKET WEATHER CLASS 


Here is a hand-blown replica of the weather glasses used on the 
square-rigged sailing ships that rounded Nantucket Light more 
than a century ago. It is a crystal-clear pear-shaped pendant 
which hangs on a 1044” long wrought tron bracket. Fill the glass 
with water according to directions; chart shows how to translate 
movement of water in spout in terms of weather forecasts, Ideal 
for home, office, den, recreation room, college dorm or classroom. 
$3.95 postpaid. Doerr Glass Specialties, Inc., Vineland, NJ. 
Offer good only in continental U.S. and Canada. 
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(To the star 


Within a decade, this boy must become 2,000 years old. To com- 
pete in any of the sciences, he must absorb, understand and cor- 
relate nearly all that man has ever known about his chosen field. 
The high school years are the crucial years 
his instructor becomes more significant every da 
help all your science students, Tinsley Laboratories has devel- 


and your role as 
. To help you 


oped a new telescope to be used in high schools. No toy, this 
telescope is built with all the care Tinsley takes for major uni- 


versity installations. 0 It does all the things a telescope should 
do. With a 12-inch diameter optical system which produces mag- 
nifications of 80 to 800 times an object’s diameter, it can clearly 
show the markings on Mars, for example, and individual peaks 
on the moon. And, its drive motor tracks the stars very accu- 
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rately. Once you have set this telescope, each student can take 
his turn and see just what you saw, without adjustment. Oo This 
telescope puts no limit on advanced students, either — acces 
sories are available for almost any kind of 

research. For instance, there is a planetary camera, 

a spectrograph, a micrometer eye piece, and 

other equipment your students can grow with. 

1 It is easy for a school to own this teaching aid. 

Production plans call for 100 of them this 

year, and so the price is well within reach. For 

full details please address inquiries to Tins 

Laboratories, Inc., School Telescope Department, 


Street, Berkeley 4, California. TINSLEY 
SCIFNCE TEACHER’S WORLD 


2526 CGrov 
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